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MOUFLON AND RAMBOUILLET > MOUFLON SHEEP 


Figure 1 


A—-Moutlon sheep. These were raised in the San Diego Zoo and used for breeding experi- 
ments at the Texas Agricultural Experiment Station. They are basically recessive black with 
two pairs, W@W Wwe Bl, Rambouillet F > Mouflon M ram at about five months of age. 
Genotype Wows. 


J | oq | 
| 
id 
| 


INHERITANCE OF RECESSIVE 
BLACK IN SHEEP 


3RUCE L. Warwick, R. O. Berry AND S. P. Davis* 


TYPICAL 


Texas Agricultural Experiment Station 


RAMBOUILLET-MOUFLON LAMBS 


Figure 2 
A—A typical Fy Rambouillet F Mouflon M new-born lamb. This white lamb has the 
B—shows lambs #603-S10 which is 34 Moutlon and 14 Rambouillet. 


genotyp« 


The sire is the ram shown in Figures 


The genotype of this lamb is I}, 7; wee 


{ACK lambs are commonly seen in 

white flocks, even where none are 

retained for breeding. These have 
heen interpreted by Davenport? and 
others recessive black. Recessive 
black is seen in most 1f not all breeds of 
sheep common in this country. Most of 
the sheep raised in the United States 
are of fine-wool breeding, Ram 
bouillet Merino and_ the 
black lamb is considered to be a recessive 
segregate. Several technical reports on 
the inheritance of this color in sheep 
have included one or more “exceptions” 
to the expected black lambs when both 


as 


or occasional 


*Animal Husbandman and Geneticist, McGregor, 
College Station, Texas; 


1B and 24 and the mother is the ewe in Figure 14 
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parents were black! These have 
Leen explained as possibly due to errors 
in records or to management accidents. 
Phe reversal of dominance has also been 
with another 
results which 


In connection 
experiment we obtained 
suggested the existence of more than 
pair of recessive genes, of 
h when homozygous would result in 
If this hypothesis 1s 


suggested 


one any one 
whit 
biack offspring 
valid, the above white*exceptions could 
result from the mating of recessive black 
due to one pair of yenes (w,w, I, W,) 
to recessive black due to another pair of 
(W, W, Ty This re- 


genes Was 


Texas; Professor of Animal Husbandry, 


and Wool Technologist, College Station, Texas, respectively 


we 
2 
= 
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WHITE AND DILUTE BLACK 
Figure 3 
1 White lamb resulting from mating recessive black ewe * ram 603-S10 (Figure 2B). 
The genotype of the sire is and the geno- 
The same ram as shown in Figure 2B at the age of one 
The genotype 


The genotype of the ewe is wia Ww. 
type of the lamb is B 
year, nine months. 
1S We We 
ported in abstract form, Warwick et al.® 
but the full account of the evidence has 
not yet been published. 


Source of Data and Analysis 


A registered polled Rambouillet ram, 
TI.D 590, purchased by the Texas Agri- 
cultural Experiment Station for experi- 
ment in a study of the inheritance of 
hornlessness, proved to be homozygous 
for the dominant gene of hornlessness 
(1111). However, he was also found 
to be a carrier of black as 
shown by segregation of black when he 
was bred to his daughters, (Table 1). 
Several of his sons were also carriers of 
black. this was the 
first polled Rambouillet: proven to be 


recessive 


recessive Jecause 


TABLE I 


This ram was “brownish” in color which was a dilute black. 


homozygous for hornlessness, he was 
also used in the flock of a cooperator, 
who recognized that half of the sons of 
TLD 590 would be carriers of recessive 
black. He tested several sons of TLD 
590 by breeding to black ewes which he 
purchased from several large fine-wool 
flocks where they had been “cropping- 
out.” It was assumed that they were 
black due to the same genes as carried 
by TLD 590 (w, w,). One of the rams 
sired eight white lambs from seven black 
ewes the first While this was 
considered a good test it was decided to 
repeat the test the next season, and also 
to breed this ram to white registered 
Rambouillet ewes. Ten white lambs 
from seven black ewes the second season 


season. 


Progeny of ram TLD 590 and two sons all heterozygous for recessive black (Wi wi We We) 


mated to white daughters of two of these 


Rams 
ILD $90 Daughters of 590 
IS 1464 Daughters of sou 
SSB 4239 Daughters of $90 


SSB 4239 Daughters of 1464 


Potals 


Lambs Assumed 
White Black Ratio P 
17 2 2760 
l 
731 3436 
2 2 7a 718 
5 7:1 1875 


| 
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> 
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which was a carrier of recessive black 


of TLD 590, and the sire was 603-S10 


brought the tally for the two years to 18 
white lambs from 12 black ewes, (Table 
Il). Clearly, this would be considered 
“conclusive” with the probability of such 
occurrence less than 1 in 10,0007. How- 
ever, included in the group of white 
registered Rambouillet ewes to which he 
was bred were 16 ewes belonging to the 
experiment Station, 11 of which were 
sired by either TID 590 or by another 
son of TI.D 590, known to be a carrier 
of recessive black. These 11 ewes pro 
duced 10 white lambs and two black 
(Table I). This evidence 


lambs, was 


TABLE II. 


Ram 


SSB 4239 


TABLE III 


Ram 


465-S10 
603-S10 
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BLACK AGOUTI 
Figure 4 
A—Black segregate resulting from mating Fy ram (Hoya, Weaws) to a 


Agouti is a pattern gene whose effect is only 
in animals segregating for color (black in this case). 


Test matings of ram SSB 4239 (W) wi We We) to recessive black ewes (assumed 
genotype 


Progeny of recessive black ewes 


Rambouillet ewe 
The genotype of this lamb is probably (a 2 Weis). 
B—Example of a black agouti segregate. The dam of this lamb was a white ewe sired by a son 


\ isible 


which suggested the existence of at least 
two independent pairs of recessive genes 
(w, w, and w, w,), either pair when 
homozygous resulting in black lambs. 
The above black tester ewes were 
added to a group of black ewes from the 
same and simular sources which we were 
using to test rams for recessive black. 
We had a black segregate ram 465-S10 
which was assumed to carry the same 
genes for recessive black as were carried 
by TI.D 590. However, there were three 
intervening generations through his sire 
TID 590. His ma 


between him and 


We We) 


Assumed 
Ratio 


White Black 


1X 


recessive black rams 


Lambs Assumed 


White 


22 All black 
4 3 All black 
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ternal granddam was one of the black 
tester ewes. This ram was bred to a 
number of the black tester ewes to deter- 
mine whether some of them differed 
enough genotypically from this ram to 
produce white lambs. In every case the 
offspring was black. Twenty-two black 
lambs were produced, (Table IIL). 
dently, the same genes were present in 
the ewes, as in this particular sire. 


Discussion 


It was shown by Roberts4 that the color 
of the wild Mouflon (Ovts musimon) is bas- 
ically recessive black, modified by pattern 
genes, This was based on the study of the 
offspring of a Mouflon ram and domestic 
ewes on Lambay Island off the eastern coast 
of Dublin after the war time hunting and 
killing of all the Mouflon ewes on the island. 
The Texas Agricultural Experiment Station 
has bred Moutlon rams to white Rambouillet 
ewes. In every case the offspring was white, 
although in a few cases there was a= small 
amount of black spotting. Also, infantile red 
or brown spotting which disappeared as the 
lamb grew older was fairly common. In the 
backeross to the Rambouillet, black segre- 
gated when white carrier ewes for reces- 
sive black were involved. This was all in 
agreement with the interpretation of a single 
pair of recessive genes for black (w, wy). 

With the evidence presented above suggest 
ing, but not proving, that there were two or 
more independent pairs of recessive genes for 
black, it was logical to raise the question as 
to whether the Mouflon, which was one of the 
principal progenitor species’, might not carry 
the two recessive pairs rather 
than one of the genes being a more recent 
mutation, Among the experimental crosses of 
Mouflon and KRambouillets, we had a ram 
which was the result of backerossing a pure 
Mouflon ewe (a, to an Fy Ram- 
houillet Mouflon ram w, aw). This 
4, Moutlon, '4 Rambouillet ram was of a 
light “brownish” color, which was a= dilute 
black. Theoretically, if the two-pair hypothe- 
sis was followed, this ram could be homozy- 
gous for both pairs, (a, We or homozy 
gous for one of the pairs and heterozygous 
for the other pair, or wits Was). 
It was decided to put this to test by breeding 
the ram to as many black ewes of different 
origin as possible. The birth of even one 
white lamb from such a mating would defi 
nitely prove the existence of two independent 
pairs of recessive genes. Four such white off- 
spring were produced, (Table II]). The ac- 
companying illustrations and tables illustrate 
the material and supply the data on which the 
conclusions have been based. 


Summary and Conclusions 


Recessive black commonly found segregat- 
ing in flocks of white sheep has long been 
interpreted as due to a single pair of genes, 
even though more than one investigator re- 
ported “exceptions.” A Rambouillet ram tested 
by siring 18 white lambs from black tester 
ewes was considered to be free from the 
recessive black gene until further breeding 
evidence revealed his heterozygosity for a pair 
of recessive genes. Matings to half sisters and 
to daughters of a half brother produced two 
black segregates, which suggested the exist 
ence of two pairs of recessive genes for black, 
either of which when homozygous would result 
in black (w,w, and w.w.). This was tested 
by mating recessive black rams to recessive 
black ewes of different origins. One of the 
black (dilute) rams, 34 Mouflon and 4% Ram- 
bouillet when mated to black 
ewes (wwdV,—) sired three black and four 
white lambs proving the existence of two pairs 
of recessive genes in domestic sheep. It is 
postulated further that these two pairs of re- 
cessive genes for black (7, were 
present in the primitive Mouflon species of 
sheep which was the principal progenitor of 
both the Mouflon (Ovts musimon) and the 
fine-wool breeds (Merino and Rambouillet ) 
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DIFFERENTIAL REACTION OF TWO 
VARIETIES OF SORGHUM TO 
COLCHICINE TREATMENT 


G. F. Arxinson, C. J. FRANzKE AND J. G. Ross* 


HE induction of true-breeding 

diploid mutants in sorghum by col- 

chicine treatment has been report- 
ed by Franzke and Ross* and by Ross 
et Meiotic studies of the mutant 
plants, untreated plants and their Fy hy- 
brids by Harpstead et al.® gave no evi- 
dence of any rearrangements of the 
chromosomes or of any cytological irreg- 
ularities. Genetic studies of Fy popula- 
tions of crosses between mutant and un- 
treated plants? indicated that mutations 
had occurred at a number of loci. True- 
breeding mutant lines induced by colchi- 
cine treatment were found to mutate to 
new true-breeding lines when treated 
again’, 

It has been suggested that mutant 
plants might result from point mutations 
made homozygous by a somatic reduc- 
tion of the chromosomes (of the nature 
of a reductional grouping as deseribed 
by Huskins®) followed by a doubling of 
the chromosome numbert. cell so 
formed might organize a new growing 
point after the original one had been in- 
activated during c-tumor formation. 
The occurrence of homozygous parental 
genes in chimeral sectors of a treated Fy 
flax plant originally heterozygous (Dirks 
et indicates that reduction with 
subsequent doubling is not necessarily 
associated with the mutagenic effect. 

During the course of routine work 
with colchicine-treated sorghum it was 
noted that some varieties, after colchi- 
cine treatment, gave tetraploids with few 
or no gene mutations. The present 
studies were undertaken to demonstrate 
differences between two varieties of sor- 
ghum in their reaction to colchicine. 


Materials and Methods 


The two varieties of sorghum, [x- 
perimental 3 and Norghum, used in this 
study are true-breeding, dwarf, grain 
types. The origin of Experimental 3 
has been described previously*. Nor- 
ghum is a selection from the cross of a 
selection from (Dwarf Feterita 
Dwarf Freed) with Yellow Kaffir. The 
stocks of each variety used had been self 
pollinated for more than 10 generations 

Sixty seedlings of each variety were 
treated with colchicine by the method 
deseribed by Franzke and Ross*. Sur- 
viving seedlings were transplanted to the 
field together with untreated plants of 
each variety for comparison, Heads 
were collected from untreated and 
treated plants for chromosome counts. 
Notes were taken on individual plants 
for height, number of tillers, presence or 
absence of awns and aberrant plant char- 
acters. Similar measurements were made 
on selfed progenies of these plants 
grown in the field the following year. 
Chromosome counts were made at meto- 
sis in the pollen-mother-cells. Untreated 
and colchicine-treated root tips were ex 
amined to determine the frequencies and 
types of reductional groupings of the 
two varieties. Roots were cut off ger 
minating seedlings and equal numbers 
placed in 0.5 percent aqueous solution 
of colchicine and in tap water for one 
and two hours. After treatment the roots 
were fixed in hot (60° C.) 3:1 alcohol 
acetic acid for 15 minutes and. stained 
with Feulgen stain. The root tips were 


then squashed in aceto-carmine and ex 


amined. 


*Agronomy Department, South Dakota State College, Journal Paper Number 373, South 
Dakota Agricultural Experiment Station, Brookings, South Dakota. This investigation was 
supported by research grant P. H. S. C2086 from the National Cancer Institute of the National 
Institutes of Health, U. S. Public Health Service 
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DIFFERENTIAL MUTAGENIC EFFECT OF COLCHICINE 
Figure 5 
A--Shows individual plants of Experimental 3 after treatment with colchicine, illustrating 
mutations with unchanged chromosome number that take place as a result of treatment. B— 
Shows untreated plants of the same variety. © and /)—Show treated and untreated plants of 
the variety Norghum illustrating the lesser mutagenic effect of colchicine on this particular 
genotype 


Observations and Discussion Thirty treated Experimental 3 plants ex- 
amined cytologically were all found to be 
diploid. Three out of 30 treated Norghum 
plants proved to be tetraploid. Ten untreated 
Experimental 3 and 15 untreated Norghum 
plants were examined; all were found to be 
diploid. No irregularities at meiosis were noted 
in any of the figures examined. 


Of the 60 seedlings of each variety treated 
in the spring of 1955, 52 Experimental 3 and 
54 Norghum survived and were transplanted 
to the field, also 35 untreated plants of each 
variety were planted for comparison. Forty 
three treated Experimental 3 and 54. treated 
Norghum plants survived to maturity and , 
were studied. Photographs of untreated Ex- Data on PresenCe OF absence of awns, height 
perimental 3, treated Experimental 3, un- and number of tillers of untreated and treated 
treated Norghum and treated Norghum are — [xperimental 3 and Norghum are summarized 
shown in Figure 5, The variability of the in Table I. Sieglinger, Swanson and Martin® 
treated Experimental 3 plants as compared to have found absence of awns to be a simple 
the other groups is clearly evident. dominant to presence of awns. Awns were 


TABLE I. Number of awned plants, height and number of tillers of untreated and colchicine-treated plants 
of Experimental 3 and Norghum 


No, of No. of 
plants wwned Height in inches Number of tillers 


plants Mean Range Variance Mean Range Variance 


Fuperm ental 
Untreated 26 24.6 24.63 be 1.06 
‘Treated 37,5 21-5 $1.30 63.83 
1.60 


Untreated 2.5 13.65 1.8 
Preated 5 13.26 3.59 
t 
I 0.97 1.9] 


**Significant at the | percent level. 


| 
} 
| 
| | 
‘ | 
Norghum 


observed on 14 out of 43 treated plants, while 
none were found on the 26 untreated plants. 
The lack of a significant difference (as indicat- 
ed by the t test) between untreated and treated 
Experimental 3 for height and number of 
tillers, despite the great apparent differences, 
is due to the extremely high variance of the 
treated plants. The significant differences be 
tween the means of untreated and treated 
Norghum is undoubtedly due to the adverse 
effects of colchicine on the treated plants in 
the seedling stage; the untreated plants were 
taller and had more tillers than the treated 
plants. The F test shows a highly significant 
difference between the variances of untreated 
and treated Experimental 3 but no significant 
difference in variability between the two 


groups of Norghum plants. This significantly 


greater variance of the phenotype of Experi 
mental 3 for presence or absence of awns (ob 
viously significant) height, and number of 
tillers, would seem to indicate that as a result 
of treatment, mutations have taken place to a 
much greater degree in this variety than in 
Norghum 

Comparisons of the genotypes were made by 


presen 
pres 
present 


present 
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observing the progenies of these treated and 
untreated plants: data trom representative 
samples are shown in Table [I]. Distinct dif- 
ferences were found between and within prog- 
enies of treated plants of Experimental 3. In 
many cases a marked difference in height and 
panicle type is found between the progeny of 
a treated plant and that of an untreated plant 
as illustrated in Figure 6. Among 43 progenies 
of treated plants of Experimental 3, of which 
those shown in Table II are a sample, 24 were 
different from those of the untreated Expert 
mental 3; 18 of these bred true for all changed 
characteristics. The highly significant parent 
progeny correlation coefficient for height: of 
the treated Experimental 3 (Table TIL) indi 
cates that the height differences of the treated 
plants were due to different genotypes, It may 
be concluded that these differences were in 
duced by colchicine treatment since the un 
treated plants do not differ in height, nor is 
the parent-progeny correlation of the untreated 
plants significant. On the other hand, the ap 
parent differences between and within prog 
enies of the treated Norghum plants were 
much less evident as shown in Table Il. One 


TABLE II. Comparison of representative samples of treated and untreated Experimental 3 and Norghum 
plants and their selfed progenies 


f 
letectable 


pating 


fetes 
detec 
detec 


it o detectable mutation 


a 
) 
¢ 
{ 
{ 
Plant Haplot ir Heipht 
Parent Plants in inches Ibs ations progeny 
progeny Parent Progeny Parent Progeny 
some no Present Absent es 
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4 1] 4. 41.6%4.6 thsent Segre r mutation 
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4 10 16 25 32.1%8.3 ibsent l 15 Segregating for mutation 
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4 10 22 33 26.5+2.8 ibsent 0 »2 Ni table mutation 
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COMPARISON OF PROGENIES FROM MUTATED AND NORMAL PLANTS 

Figure 6 

Progenies 4 and C, each from a treated plant, and B and LY each from an untreated plant 
of the variety Norghum above, and Experimental 3 below, illustrate a change in genotype 
without change in chromosome number of certain treated plants. Though Norghum responded 
to colchicine treatment by forming tetraploids in approximately 10 percent of, the cases, there 
were also four diploid mutants among the 45 treated plants. In Experimental 3 no polyploid 
plants have ever been found after treatment; in this instance 23 mutants out of 43 treated 


- plants were observed. 


progeny with small differences in head type, plants which may have resulted from poor 
another with 12 white-seeded plants out of 25, — selfing technique or, on the other hand, may be 
and two progenies of uniform shortness similar mutations since similar types were not ob- 
to the progeny shown in Figure 6 were ob- — served in the progenies of the untreated plants 
served, Only four diploid progenies out of 45 — selfed in the same fashion. The parent-progeny 
were observed to have changes that seem to — correlation coefficients for the height of this 
have arisen from mutation. However, other — variety were not significant (Table IIL) indi- 
treated progenies contained individual tall cating that, in general, height differences be 


TABLE IIL. Correlation coefficients of height of treated and untreated parent plants and their selfed progenies 
in Experimental 3 and Norghum 


N Correlation coefficient 
Experimental j 
Treated 26 .819** 
Untreated 7 412 
Norghum 
Treated 45 —.237 
10 


Untreated 


**Significant at the | percent level. 
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Atkinson e¢ a/; Reaction of Sorghum to Colchicine Treatment 


tween the treated plants were not of genetic 
origin 

As mentioned above, one of the differences 
in reaction of these two varieties to colchicine 
treatment appears to be readiness to form 
tetraploids. In the case of Norghum, 10 per- 
cent of the treated plants examined were tet 
raploid, while none were found in an equal 
number of treated plants in Experimental 3 
Tetraploid plants have not been found among 
the many treated plants of this variety pre- 
viously examined. The mutagenic effect of 
colchicine is more evident in Experimental 3 
than in Norghum, but the difference appears 
to be only in degree since mutations are found 
in both varieties. No difference in degree of 
induced homozygosity could be ascertained 
since approximately the same proportion of the 
mutants were true-breeding in each variety. 
In Experimental 3, 18 of the 24 mutant prog 
enies were uniform, while in Norghum, two 
of the four aberrant progenies were uniformly 
shorter than the untreated. 

This genotypic difference in reaction to col 
chicine may account, partially at least, for the 
paucity of references in the colchicine litera 
ture to aberrant forms other than polyploidy 
arising from treatment. This difference would 
also lead to varying results of different in 
vestigators testing the effects of colchicine on 
plant materials. Besides the necessity for an 
appropriate genotype to form a favorable in 
ternal environment, it appears from work now 
in progress that a favorable external environ 
ment after application of colchicine must also 
be provided if the investigator is to be si 
cessful in obtaining true-breeding mutant types 
even from Experimental 3. Further investiga 
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tions are now under to ascertain these 
conditions. 

A clue that might lead to an understanding 
of the basis for the difference in response to 
colchicine treatment was sought by observing 
the effect of colchicine on the chromosomes of 
the root tips from each of these varieties, Re 
ductional groupings, similar to those noted by 
Huskins® were found in the treated roots of 
both. Table IV shows the number of cells 
with reductional groupings in relation to the 
total number of divisions. The slight difference 
in frequency of reductional groupings between 
Experimental 3 and Norghum does not appear 
to be great enough to be significant. In both 
varieties, great variations in the number ot 
reductional groupings were found between root 
tips. In both treated Experimental 3 and Nor 
ghum, five of the reductional groupings 06¢ 
curred in one root. 

In most of the cells with reductional group 
ings, there were two groups of chromosomes, 
but in a number of there were more 
than two distinct groups; these are included 
in the class “multiple groups” in Table \ 
Where only two groups were present, there 
was considerable variation in the exactness of 
the reduction. Reductional groupings with two 
groups were therefore subdivided according 
to the number of chromosomes in each group 

In both the treated Experimental 3 and the 
treated Norghum there appears to be a con 
centration of reductional groupings the 
classes having two groups of equal or approxi 
mately equal numbers of chromosomes (10 
10, 9:11 and 8:12) 

In the majority of cases it was fouund im 
possible to distinguish any of the homologous 


way 


Cases, 


TABLE IV. Frequency of reductional groupings in untreated and colchicine-treated root tips of Experimental 
3 and Norghum 


No. of 


roots 


Experimental 
Untreated 
Treated 

Norghup 
Untreated 


Treated 


Total no. of 
divisions 


Percent 


reductional 


Number of 
reductional 


groupings groupings 


1.6 
8.4 


0 
7.9 


TABLE V. Distribution of types of reductional groupings in untreated and colchicine-treated root tips of 
Experimental 4 and Norghum 


Multiple 
groups 416 
Experimental 
Untreated 
Treated 
Norghum 
Untreated 
Treated 


Two groups 
743 


: 
i § 
| 
{ 
{ 
A 
- 
29 273 25 
23 189 1S 
| 
4.45 6:14 $:12 9:11 1010 Total 
0 
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chromosomes, even the long pair called the 
A-pair by Huskins and Smith?, In one reduc- 
tional division of the 10:10 class in a treated 
Norghum root tip, the members of the A-pair 
could both be distinguished and were both in 
the same group. Since, except for this one 
case, homologous chromosomes could not be 
identified, no estimate of the degree of homo 
logous segregation in the reductional group- 
ings could be made 

The basic cause for the observed differences 
in reaction to colchicine of these two varieties 
of sorghum does not appear to be in the ini 
tial behavior of the chromosomes after col- 
chicine treatment. It may perhaps be found 
in varietal differences within the colchicine 
induced tumor where tissues are subject to the 
prolonged effect of colchicine present in’ the 
lanolin adhering to the coleoptile. An account 
of a histological study of ¢-tumors induc ed in 
seedlings of these sorghum varieties will be 
made elsewhere 


Summary 


Colchicine treatment of the coleoptiles, im 
mediately after germination, of 60 seedlings of 
each of two varieties of grain sorghum, Ex- 
perimental 3 and Norghum, resulted in the 
mutation of 24 out of 43° surviving Experi 
mental 3 plants and of four out of 54 surviving 
Norghum plants, Cytological examination at 
meiosis of 30 treated plants of each variety 
indicated only diploid plants in’ Experimental 
3 but three tetraploid plants Norghum. 
Previous examinations of meiosis of treated 
plants of Experimental 3 have likewise shown 
no mstance of polyploidy In response to col- 
chicine treatment, these varieties differ in mu 
tation rate and in propensity to polyploidy. 
Such differences explain, partially at least, in 
consistencies in results of treating different 


genotypes. Analysis of response of the chromo- 
somes in the root tips of these two varieties 
to an aqueous solution of 0.5 percent colchi- 
cine showed no difference in the frequency of 
reductional groupings. 
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SELECTION FOR LARVAL DEVELOPMENT 
TIME IN DROSOPHILA 


Iu 


NE reason that Drosophila studies 
have contributed less than might 
have been expected to quantita- 

tive genetics lies in the difficulty of 
finding “characters” which are amenable 
to experimentation. Wing and thorax 
length'® and bristle numbers® ? have 
been studied extensively, but the more 
complex attributes such as fecundity and 
fertility, which are intimately related to 
fitness, have been somewhat ignored due 
to the technical difficulties associated 
with their measurement. Yet as Bell, et 
al’ and Tantawy and Reeve!’ have shown 
for egg number in Drosophila, it is this 
kind of trait which most resembles the 
many important production characteris- 
tics of domestic animals (e.g. egg pro- 
duction in fowls, litter size in pigs, ete. ) 
which are notably intractable to the usual 
selection procedures. As normally as- 
sessed, these traits related to fitness 
show a low heritability and some degree 
of hybrid vigor! as also do the produc- 
tion characters cited. There is therefore 
a real need for more studies of “charac- 
ters” which behave in this way. This 
report records some preliminary experi- 
ments with a character of Drosophila 
which was expected to have these quali- 
ties but which can be readily handled 
experimentally ; namely, duration of lar- 
val life 


Materials and Methods 


\ preliminary selection experiment 
was run using a vigorous mass mated 
strain recently introduced into the lab 
oratory (Wild ldinburgh). The main 
tests were made with a line which had 


previously been selected for large wing 


size and then made isogenic (ldinburgh 
Large) and an inbred Ore K line re- 
putedly sib mated for 756 generations, 


*Agricultural Research Council, Poultry 
Animal Genetics, Edinburgh 9, respectively 


Research Centre, Edinburgh 9: and 


SANG AND G. A. CLAYTON* 


Selection was started from the Fs of a 
cross between these two lines. 

ges were collected as deseribed by 
Robertson and Sang!* and the larvae 
picked off as they hatched. Fifty larvae 
were placed in 31 inch vials each con 
taining 5 ml. of Pearl’s SIOL  semi- 
synthetic medium, as modified by Rob- 
ertson and Sang!*, which had been in- 
noculated with 70 mgms. of dried Brew- 
er’s Yeast just prior to the introduction 
of the larvae. The cultures were pre- 
pared, kept and scored in a constant 
temperature room at 75° Fo + 2° F: 
even so, the great sensitivity of the lar 
val period to temperature’ made it es- 
sential that only contemporary cultures 
he compared, as is the case in the results 
which follow. The end of the larval pe- 
riod was taken as the time of eversion of 
the spiracles shortly after the larva be- 
comes immobile. Scoring was done as 
frequently as possible, with never more 
than a five hour gap between counts. 
Familiarity with the material made pos 
sible closer timing than this since the 
gradual darkening of the pupa case could 
he used to age the animals to the nearest 
hour. 

As all larvae had to be set up within a 
short period (which was taken as not 
exceeding two hours) the number of fe 
males used for each generation had to be 
kept high. It was found that 50 pairs of 
parents, if carefully nourished and used 
at peak lay (4 to 7 days old), would 
yield sufficient eggs to set up 500 larvae 
the next day. Selection was consequently 
arranged so that the first (or last) hun 
dred pupae formed out of 500 larvae set 
up were used as parents for the next 
generation. Adjustments were made, of 
course, for any differences between the 
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times at which the individual vials were 
set up. The use of 100 parents eliminated 
any inbreeding effects, It must also be 
noted that the food environment supplied 
ly the cultures was somewhat sub- 
optimal’? so mortality changes or differ- 
ences may introduce further variables 
into the experiments: these are consid- 
ered below, 
Observations 

Since no genetic data on duration of 
larval life were available, a preliminary 
selection experiment was set up to assess 
the suitability of the techniques and the 
hiometrical properties of the character. 
Three sets of 10 vials were prepared and 
innoculated with Wild Idinburgh lar- 
yae. From the first set the 100 earliest 
pupae were selected to give a “rapid 
line’: from the second, the last 100 
pupae were selected to give a “slow line”, 
and the third set was kept unselected as 
the control, The three populations were 
measured at the third generation of se- 
lection with the results shown in Figure 
7, which indicates that duration of larval 
life has a unimodal distribution. The dis- 
continuities and the sex differences 
found when the entire pre-adult périod 
is measured® are not observed for the 
larval stage alone, and must therefore 
arise during the pupal-instar. 

The data (Table 1) show, too, that the 
character has responded symmetrically 
to selection, and that variances are not 
affected whether calculated on normal 
or logarithmic seales. The ratio of the 
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CONTROL 


RAPID 


NUMBERS PUPATING 


1025 Has 1225 1325 1425 
LARVAL DEVELOPMENT TIME IN HOURS 


LARVAL DEVELOPMENT TIME 


Figure 7 
The distributions of larval development 
times after two generations of selection fo 
rapid and for slow growth, are compared with 
an unselected control population. 


sum of selection differentials (computed 
on the basis of an assumed normal dis- 
tribution and a selection intensity of 23 
percent to allow for non-specific larval 
mortality) to the actual response gives 
an estimate of the heritability of the char- 
acter of 21.0 percent, which was higher 
than anticipated and falls within the in- 
termediate rather than the low  herit- 
ability range. 

A more extensive selection program 
was initiated from the Fs of a cross be- 
tween the Edinburgh Large isogenic, 
and the Ore K inbred, lines: the F. 
being chosen since much selection for 
characters of economic importance starts 
from a cross of improved lines or vari- 
eties. The techniques and intensity of 
selection were described above, except 


TABLE I. Larval development times at the 3rd generation of selection. (Wild Edinburgh stock) * 


Larval development time (hours) 
mean 
variance (s") 
number 

Larval development time (log. days) 
mean 
variance (s*) 


Control Rapid Slow 


119.5 115.3 122.9 
50.13 48.90 46.20 
426 426 492 


0.696 0.680 0.710 
0.00063 0.00066 0.00059 


"There are reasons!® for measuring larval development times on a logarithmic scale since this tends to 
normalize distributions, particularly when growth is greatly prolonged. In this instance the scalar change 
has no important effect. Since not all larvae survive, the selection intensity of 20 percent originally 
scheduled works out at 23 percent in practice. By comparing the variances of a wild stock and an F;, F. W. 
Robertson (unpublished) estimates the heritability of this character at around 50 percent. The same estimate 
is obtained from the data given here and in Table II, if development is measured in hours. When 
measured in log. days the heritability is about 27 percent by this assessment. 
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GENERATION 
SELECTION FOR RAPID AND SLOW 
DEVELOPMENT 


Figure 8 


Progress of selection for rapid and slow 
larval development starting from an I*s be 
tween Edinburgh Large and Ore K homozy 
gous lines. The means of each generation are 
shown by the broken lines and the means of 
the selected parents by solid lines, The differ 
ences between rapid and slow lines are shown 
i parenthesis 


that no control was run, and the results 
are summarized in Figure & A thermo 
stat failure terminated the experiment at 
generation 5 

Although the variance of the F. 
(Table Il) was greater than that of the 
cutbred stock already described, prog 
ress under selection was very much less. 
An estimate of the realized heritability® 
gave a value of 8.9 percent. This low 
estimate was obviously due to the fail- 
ure to increase the rate of development 
bv selection. The response of the ‘slow 
line” corresponds to a realized heritabil- 


TABLE II. Pupation time and larval survival of the pure lines and crosses* 


E.L 
(P)) 


meas 110.12 
33.52 


167 


ipment time 
mean 0.661 
variance (s*) 0.00048 
Percent pu pac formed 


Ore K 
(Ps) 
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ity of about 25 percent if it is assumed 
that the starting population (ly) can be 
taken as a control level for each subse 
quent generation, That is to say, in the 
second experiment response to selection 
behaves as in the first trial, but only in 
one direction: there is no progress in the 
direction of more rapid larval develop- 
ment and some indication of the con 
verse, 

The nature of the Fs which gave this 
anomalous result was next examined, 
together with the parents, Fy and back- 
crosses. The results are summarized in 
Figure 9, and in Table TI. It is obvious 
that the parental lines are quite different, 
the Ore K showing a much greater vari 
ability than the Edinburgh Large. Sec- 
endly, the Fy shows a notable degree of 
heterosis which makes any conventional 
analysis? impossible. On the logarithmic 
scale the variance of this Fy, is the same 
as that of the Edinburgh Large line, im- 
plying that Ore K is more susceptible to 
environmental differences than either of 
these, and hence that the two parental 
yenotypes react differently with the en- 
vironment. Thirdly, while the mean of 
the Fy is close to expectation its variance 
is less than that of Ore K and its dis 
tribution of pupation times (Figure 9) 
corresponds almost exactly with that of 
the backcross to the Ore K line. This 
Lackeross develops faster than expected, 
whereas the backcross to Edinburgh 
Large is slower than expected, and be 
haves almost exactly like the Edinburgh 
Large line itself. Mean development 
times thus rank as follows: Fy<Bo~F. 


~By~P differences between By 


kL 
(By) 


Ore K 
(By) 


122.25 101.96 109.33) 109.94 108.27 
120.00 46 68.11 37.39 $8.28 


470 411 242 201 


0.705 0,627 0.654 0.660 0.653 
0.00142 0.00045 O.00076 O.0005% O.00095 
735 94.0 80.7 0.4 


*Since all matings were tested concurrently the numbers set uf ry with the genotype As before, larvae 


were set up 50 per vial 
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to By are small and not significant. While 
throwing some light on the problem 
noted in the preceding paragraph, this 
test raises further issues which are now 
being studied using different strains and 
other environmental conditions outside 
the scope of this paper. 

One important difference between 
these matings is larval survival (percent 
pupation in Table Il) which is not the 
same for all genotypes. Again the two 
parent lines differ, the Fy shows hybrid 
vigor in this character, and there is a 
negative correlation between survival 
and development time. However, in the 
case of the Fs and backecrosses survival 
is lower than would be predicted from 
the behavior of the homogeneous lines. 
This is particularly striking for the 
edinburgh large backcross where only 
80.7 percent of larvae survive instead of 
the expected 88.5 percent, ag 6.79, 
df. 1, p <O0.01). Previous work! sug- 
gests that early larval mortality should 
lead to an improvement of development 
times by reducing the effects of crowd- 
ing, but this is obviously not the case for 
the Edinburgh Large backcross. The 
situation with respect to development 
rate cannot be explained, therefore, in 
simple terms of crowding and competi- 
tion, and we must conclude that the dif- 
ferent genotypes may not only respond 
differently to the environment but may 
also interact with each other in’ some 
complex way as they grow. These two 
factors could cause the abnormal Fy. and 
hackeross distributions. 


Discussion 

Strong! has noted a number of examples 
in mice where progress is in the direction 
opposite to selection pressure, such as age at 
first litter, litter size and spacing, latent period 
to induced neoplasia ete. Such composite char- 
acters generally show hybrid vigor. In other 
recorded cases there may be little or no prog- 
ress in one direction while selection is success 
ful in the opposite direction’. Or, more com- 
monly the response to two-way selection may 
he asymmetrical Falconer®), progress 
being more rapid one way than the other. An 
example, which is particularly relevant to the 
results summarized in Figure 8, is rate of 
growth in swine®, There selection is effective 
in the direction of slower growth, but only to 
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MEAN LARVAL PERIOD IN HOURS 


DEVELOPMENT TIME OF EDINBURGH 
LARGE AND ORE K 
Figure 9 

The distributions of development times ot 
the Edinburgh Large and Ore K_ populations 
and of their and Backcrosses. Note that 
the total number in each population has been 
adjusted to 500 to simplify comparisons. All 
crosses were made reciprocally. 


a small extent, if at all, towards faster growth. 
And this is again a complex character which 
shows hybrid vigor in suitable crosses. The 
unidirectional. response also leads to a low 
estimate of heritability for this character 
(taken as weight at 180 days) at 18.6 percent 
when computed from the results of two-way 
selection, as compared with other possible 
estimates of 23.9 percent (from variance with- 
in and between litters) and of 65 percent (cal- 
culated from offspring-dam regression). So 
this example parallels the one recorded above 
to a surprising degree, although it does not 
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follow that the causes are the same in the 
two instances 

Comparison of the pure lines and their 

crosses (Table I]) suggests that two tenden- 
cies affect length of larval development: 

(1) the presence of some genes in the P, 
(Ore K) which when homozygous in a 
suitable background reduce development 
time, 

(2) the general level of heterosis. 

Lhe first relationship is possible since the nor 
mal procedure for keeping pure lines (Ps) 
would encourage the selection of early emerg 
ing virgin flies. Conversely, selection for 
large size (P,) tends to increase development 
time!!, Both effects are indicated by the be- 
havior of the backcrosses, though the former 
seems the more significant in this instance. 
The overriding importance of heterosis in this 
character is indicated by the similarity of the 
distributions of the Fy and backcrosses which 
are each heterozygous for 50° percent of loci. 
However, none of these second generation 
crosses produce larvae which develop as fast 
as the best F) time, probably because most, if 
not all, individuals will) carry some loci 
homozygous for P; and Ps genes, but possibly 
also due to some interaction between the de 
veloping larvae which affects their survival 
(Table I1). The similarity of the By and B, 
mean development times further suggests that 
the slow development of the Py is due to the 
interaction together of a number of homozy 
gous loci, and that genotypes with this neces- 
sary combination rarely turn up in the By A 
similar effect has been described by Tantawy 
and Reeve!? working on the effects of in 
breeding on size and survival in Drosophila 

Since selection for rapid development in the 

Drosophila experiment was based on the fast 
est growing fifth of the Fy population, the 
selected) group will be made up largely of 
heterozygous individuals, and with some P», 
rather than P, genes homozygous, Conse 
quently the selected group will produce a fur- 
ther segregating population like the Fs, but 
biased towards the backcrosses to an extent 
which cannot be easily defined. Subsequent 
selection will necessarily continue on this pat- 
tern giving a trend opposite to the direction 
of selection, at least during the first genera 
tions. In this instance, the result is a direct 
onsequence of the heterotic nature of — the 
character and of the system of selection em 
ployed ( onversely, selection for slow growth 
will generally pick out types like the parents, 
and progress is possible from reassortment 
among these. From published data it is diffi 
cult to be sure how far a similar. situation 
(i.e. selection of heterozygotes which give the 
most extreme manifestation of the character) 
applies in the cases quoted above, but Krider 
et al® note that their work started from a 
population of diverse origins 

Falconer? has noted that heritability esti 
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mates based on two-way selection are mislead 
ing when progress is made only in one direc 
tion, and corrects his estimate for lactation 
performance in mice accordingly. What is 
perhaps more important is to point out that 
heritability estimates as conventionally com 
puted will necessarily overestimate the possi 
bilities of progress when selection is in the 
direction in which hybrid vigor is displayed 
This will be particularly true when the paren 
tal stock is a cross of lines or varieties, 


Summary 


The heritability of “rate of larval develop 
ment” in Drosophila was found to be between 
20 and 25 percent when estimated from the 
results of two-way selection in an outbred 
population, However, two-way selection from 
an Fs of two inbred lines led to progress only 
in the direction of slower growth. The char 
acter, like many of economic’ importance, 
shows hybrid vigor, so that selection for rapid 
growth is necessarily mainly selection of 
heterozygotes, and progress in this direction 
tends to be ineffective or even negative ex 
amination of Fy and backcross generations 
suggests that the situation is further compli 
cated by the slow growth of one parent being 
due to an interaction between a number of 
homozygous loci. There may also be some 
ecological interaction between larvae of dif 
ferent genotypes as they develop together 
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POLLEN CYTOLOGY AND SELF- 


INCOMPATIBILITY SYSTEMS IN PLANTS 


JAMEs L.. BREWBAKER* 


HERE are two types of pollen 

grains in the angiosperms, cytologi- 

cally speaking. One is binucleate 
the other, trinucleate. Binucleate grains 
contain a generative cell and a vegetative 
or tube nucleus, the generative cell di- 
viding during pollen tube growth to 
form the two male gametes. A trinucle- 
ate grain is formed when the division of 
the generative cell occurs before the pol- 
len is shed, 

There are two types of self-incompati- 
bility in homomorphic angiosperms, ge- 
netically speaking. One is the gameto- 
phytic type—the other, sporophytic. Both 
types are based on the action and interac- 
tion of multiple alleles of a single S locus 
(rarely, of two loci). In the gameto- 
phytic system pollen behavior (1.e., fune- 
tion or failure in a particular mating) is 
determined gametophytically by the S 
allele in each grain. The incompatibility 
inhibition regularly occurs at some stage 
during pollen tube growth in the pistil 
of gametophytic species. In the sporo- 
phytic system pollen behavior is sporo- 
phytically determined (imposed by the 
maternal genotype), and inhibition com- 
monly occurs at the stigma surface so as 
te inhibit pollen germination or drastie- 
ally curtail pollen tube growth. 

It is observed here that these phe 
nomena are quite regularly associated, 
the gametophytic system with binucleate 
grains and the sporophytie with trinn- 
cleate grains. 


Self-Incompatibility 


Among the several schemes which 
promote or enforce outbreeding — in 
plants, that of self-incompatibility ap- 
pears to have played a major role in the 
evolution of flowering plants. Self-in 
compatibility is the inability of a plant 


*Brookhaven National Laboratory, Upton, 


producing functional male and female 
gametes to set seed when self-pollinated., 
Special attention is given in this paper to 
homomorphic incompatibility, im distine- 
tion to heteromorphic species in which 
differences in floral morphology are as- 
sociated with incompatibility. Nearly 
half of the world’s major crop and orna- 
mental species represent genera in which 
self-incompatibility is known to occur, 
Self-incompatible species have — been 
found in at least 66 plant families, which 
are distributed throughout the angio- 
sperms and occur in every major phylo 
genetic line®:?*, 

It is rather more convenient to ascribe 
this distribution to the independent ori- 
gin of various self-incompatibility sys- 
tems at different points in evolutionary 
history. The opposing theory—that of 
a single point of origin—implies, in es- 
sence, that the majority (if not all) of 
angiosperms trace back to a single, self 
sterile plant**. The second theory de- 
rives much support from a steadily im 
creasing body of genetic data which indi 
cates a remarkable similarity the 
hereditary basis of self-incompatibility 
ii homomorphic flowering plants. This 
genetic system, which has been deseribed 
with supporting data from at least 33 
species representing 11 different plant 
families, is that of a single S gene locus 
(rarely of two loct) with multiple al 
leles; the physiological result of gene 
action being the inhibition of pollen ger 
mination or of pollen-tube growth in an 
incompatible mating 


Types of Incompatibility Systems 


Two types of incompatibility systems, 
both constructed on the single gene, mul 
tiple allele foundation have heen de- 
scribed for homomorphie plants. The 
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gametophytic system was proposed by 
rell® with the first supporting data 
obtained by Kast and Mangelsdorf® 7 in 
Nicotiana hybrids and by Lehman*? in 
Veronica, Incompatibility results when 
the S allele in a pollen grain is also pres- 
ent in the pistil. Thus the incompatibility 
is determined “gametophytically” by the 
particular allele in the pollen grain. The 
inhibition in gametophytic species regu- 
larly occurs at some stage during pollen 
tube growth in the pistil, although par- 
tial inhibition of pollen germination is 
known to occur. The 2] species report- 
ed to have the gametophytic’ system 
(Table 1) are distributed in seven plant 
families (this excludes the grasses, to be 
considered in detail later). All of these 
plants are insect-pollinated, most of 
them having conspicuous inflorescences 
with copious stigmatic fluid (which may 
not appear until tripping, as in some 
legumes), Dominance among gameto- 
phytic S alleles cannot occur in haploid 


TABLE I 


Family Species 
Conme}linaceae 
Leguminosae 
Onagraceac 
Papaveraceae 


Rosaceae 


Prunus avium 

Pyru 
Scrophulariaceae 
Neme ia 


Papaver nudicauli 


glutino 


frumosa 
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pollen and is not known to occur in the 
diploid style, where it would lead to self- 
fertility of a readily recognized type. In 
autotetraploids, however, S allele inter- 
actions do occur in the heterogenic dip- 
loid pollen grain. One of these is the 
competition interaction (“mutual weak- 
ening’), of fairly rare occurrence, in 
which neither allele is fully active, with 
the result that such grains are not 
inhibited (or are only partially inhibited 
in Oenothera, in which the broad blunt 
tubes literally have to bore their way 
through pistillate tissue**). The second 
interaction observed in tetraploids is 
that of dominance, in which one allele 
partially or completely suppresses the 
action of the other allele in the hetero 
geme pollen. 

The second type of incompatibility 
system — the sporophytic system — was 
first described with supporting data by 
Gerstel! and by Hughes and Babcock". 
It has been reported subsequently for a 


Pollen cytology and site of inhibition for homomorphic species of known incompatibility genetics 


Site of 


inhibition 


Type of S 


system 


Type of 
pollen 


Tradescantia virginiana i style 
Trifolium (4 spp.) } i style 
Ocenothera (2 spp.) style 


ovary” 
style 
style 
style 
style 


Verhascum phoenicoum 


Veronica 


Solanaceae Lycoper 


yriaca 


on fanuy i sty le 


Nicotiana (2 spp.) ) style 


Petunia (3 spp.) 


Solanum spp 


Cosmo 


Crept 


Comipositac 


Cruciferae Bra 


Cap ella grandiflora 


Theri 


anara 


Lesquerella densipila 


Raphanu 
Sterculimene 


Phalari 
Secale 


Graminea 
reale 


* no style 
hollow etyle 
loci 


bi pi nnalu 
(2 spp.) 
Parthenium argentatuy 


“iad oleracea 


alien 


Theohroma cacao 


Gametophytic type 
Sporophytic type 


sty le 
style 


stigma 
stigma 
stigma 
stigma 
stigma 
stigma 
stigma 
stigma 
ovaryt 


LR 


tri style 
tri style 


binucleate 


trinucleate 


| | 
4 
bi 
G bi 
bi 
G bi 
G bi 
Gt bi 
G bi - 
G bi 
G bi 
tri 
tri 
tri 
tri 
tri 
tri 
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number of composites and crucifers, as 
well as for Theobroma cacao. In the 
sporophytic system pollen reaction 1s 
controlled sporophytically ; it is 1m- 
posed by the maternal genotype. As a 
result, all pollen grains from a given 
plant behave similarly. For example, 
both pollen types S; and S, from plant 
will behave as if Sy is dominant 
to Sy, or as Ss if Se is dominant, or as 
S; plus S, if there is no dominance. 
There is also some evidence for domi- 
nance in the pistil in plants having the 
sporophytic system. Inhibition regularly 
occurs at the stigmatic surface, resulting 
in the inhibition of pollen germination 
(one exception being Theobroma cacao ). 
The 10 species believed to have this 
system are distributed in three families 
(Table 1). 

While the gametophytic and  sporo- 
pliytic systems appear at first glance to 
he quite dissimilar, they can be inter- 
preted to differ in only one major re- 
spect, namely, the time of S gene action 
im microsporogenesis. In the gameto- 
phytic system, the S allele appears to go 
into action to produce the inhibitory fae- 
tor or its precursor at or following ana 
phase of the first meiotic division of the 
microspore cvtes, In the sporophytic SyS- 
tem, the S allele action must oceur be- 
fore anaphase [. In the gametophytic 
case, a quartet of spores thus may con- 
sist of two biochemically ditferent pairs 
of spores, whereas in the sporophiytie 
case all spores in the same anther will 
he phenotypically identical. 


Cytology of the Pollen Grain 


The mature pollen grains of angiosperms are 
either binucleate or trinucleate, a fact upon 
which Schnarf®* focused attention. In a study 
involving 143 flowering plants, 
Schnarf reported 41 families with binucleate 
species, nine with trinucleate and nine in which 
hoth types were found. From a similar study 
of 147 species in this lab, and from other pub 
lished information (cf. Maheshwari*5), it is 
evident that at least 67 families (as of Law 
rence?!) are binucleate, 28 are trinucleate and 
13 contain both types. The phylogenetic dis- 
tribution of these families definitely implicates 
the advanced or derived position of the tri 
nucleate condition 


species ol 
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Considering only those families in) which 
self-incompatibility is known to occur, the fol 
lowing distribution is observed: 

Binucleate : Acanthaceae, Amaryllidaceae, 
Anonaceae, Begoniaceae, Betulaceae, Bigno 
niaceae, Bromeliaceae, Commelinaceae, [ri 
caceae, Euphorbiaceae, Fagaceae, Lridaceae, 
Leguminoseae, Liliaceae, Loganiaceae, 
Lythraceae, Moraceae, Nymphaeaceae, Ona- 
graceae, Orchidaceae, Papaveraceae, Primu 
laceae, Resedaceae, Rosaceae, Saxifragaceae, 
Scrophulariaceae, Solanaceae, Sterculiaceae, 
Tropacolaceae, Verbenaceae, Violaceae, Zin 
giberaceae 

lrinucleate \pocynaceae, 
( Otppositac, Crucilerae, Gaeramaceae, Giram- 
ineae, Malvaceae, Nyctaginaceae, Planta 
ginaceae, Plumbaginaceae, Polygonaceae, 
Portulacaceae. 

Both: Asclepiadaceae, Boraginaceae, Campa 
nulaceae, Convolvulaceae, Labiatae, Olea- 
ceae, Polemoniaceae, Ranunculaceae, Rubia 


Caprifoliaceae, 


ceae, Rutaceae 
Unknown: Aceraceae, Cistaceae, Cornaceae, 

Dioscoreaceae, Goodeniaceae, Hamamelida 

ceae, Lentibularaceae, Myrtaceae, Passiflora- 

ceae, Thymeleaceae. 

Binucleate grains contain a generative cell 
and a vegetative or pollen-tube nucleus. This 
unique cell within a cell situation is referred 
to by some authors as bicellular?*, The gen 
erative cell may be spindle-formed, as in Tra- 
descantia virginiana (Figure 10-1) or relative 
ly spherical as in the liliaceous Smilacina stel 
lata (Figure 108), and commonly stains quite 
deeply with aceto-carmine. The cell wall and 
scanty cytoplasm of the generative cell show 
clearly in special preparations. The vegetative 
nucleus regularly appears to have rather diffuse 
chromatin and to be degenerative; im many 
species it does not appear at all in’ mature 
grains (“unicellar” grains). In a few instances, 
trinucleate grains have been observed in. bi 
nucleate species (e.g., /ris, Gasteria) 

Trinucleate (or “tricellular”) grains contain 
a vegetative nucleus and the two male gamete 
cells, the generative cell having divided prior 
to maturation of the grains. The two gametes 
range from spherical as in the erucifer, ’hysa- 
ria floribunda (Figure 10C), to the thin laminae 
of a composite such as Chrysanthemum leucan 
themum (Figure 10D). Asin binucleate grains, 
nucleus seldom stains intensely 
family, the Labiatae, the pol 
len cytology is correlated with the external 
morphology of the grain; J-colpate grains 
(having three furrows) are binucleate while 
6-colpate grains are trinucleate (lrdtman!?) 
It is evident that the number of furrows may 
be determined by trischistoclasia at quartet 
stage®® suggesting that the occurrence of the 
first mitotic division during quartet 
might produce 6-colpate grains, while micro- 
spores in which the first division occurs after 
the spores separate would become }-colpate 


the vegetative 
In at least one 
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MATURE POLLEN GRAINS 
Figure 10 
Mature pollen grain of A—Tradescantia virginiana; B-—Smilacina stellata: C—-Physaria 
floribunda; and 1D)—Chrysanthemum leucanthemumn 


The bi- and tri-nucleate conditions may be 
considered to differ one major respect, 
namely, the time of division of the generaticn 
cell, This occurs relatively late in binucleate 
grains, relatively carly in trinucleate. Similar 
ly, the 3- and 6-colpate conditions, at least in 
the mint family, may represent late and early 
divisions re spectively, ot the Mncrospore 
leus 


The Correlation 


A consideration of the 33 species for which 
the genetics of incompatibility is fairly well 
established makes apparent the general associ- 
ation of binucleate grains with stylar inhibition 
and the gametophytic system, and of trinucle 
ate grains with stigmatic inhibition and the 
sporophytic system (Table 1). In several ad- 
ditional species for which the genetics of in 
compatibility is not known, the correlation of 
pollen cytology and site of inhibition is sim 


larly evident (Vable 

A. significant exception to this correlation 
occurs in the grass family (Table 1). Secale 
cereale is known from the extensive studies of 
Lundqvist?".27 to have two S loci, as found 
also by Hayman!® in Phalaris coerulescens 
and in Festuca pratensis by  Lamdqvist?6. 
Whether both loci behave in the gametophytic 
or sporophytic fashion is not readily deter- 
mined, although both authors favor gameto- 
phytic control. However, all grasses are tri 
nucleate and inhibition regularly curtails tube 
growth to the tips of stylar hairs!8, 

Several examples are cited in Tables I and 
IT in which inhibition occurs in the ovary. 
This phenomenon has been described in some 
detail by Sears®6 for Gasteria verrucosa, by 
Stout and Chandler*? for //emerocallis cit- 
rina, by Brock? for Lilimm spp. and by Giles! 
for Lotus corniculatus. In each of these species 
occasional selfed tubes penetrate the megaga 
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metophyte, Other examples are Keseda spp.” 
and Papaver nudicaule. Each of these species 
is bicellular and each is hollow-styled or lacks 
a style altogether (as Keseda). It would ap 
pear that a certain intimacy of tube and pis 
tillate tissue is required for inhibition. 

One exception to the inhibition of spore 
phytic type pollen at the stigma surface would 
appear to be Jheobroma cacao, a species inter 
preted by Knight and Rogers!® to have the 
sporophytic system. Whether the hollow 
styled Theobroma is bi- or trinucleate seems 
not to have been recorded, although //erman- 
nia disticha of the Sterculiaeae is binucleate**, 
The data summarized by Knight and Rogers 
could not be interpreted readily on a gameto 
phytic scheme 

Another species of interest is the sugar beet, 
Beta vulgaris, in which the only pertinent i 
compatibility data were interpreted as sug 
gesting two gene loci with gametophytic con 
trol3!, However, the data might also be in 
terpreted on the sporophytic scheme. Beta has 
trinucleate pollen, although Savitsky®* found 
that pollen germination in compatible and in 
compatible matings was quite comparable, the 
inhibition inferred to occur in the pistil (which 
has a short hollow stylar canal’). 

Several species with heteromorphic incom 
patibility also show the correlation ot pollen 
cytology and site of inhibition Schoch- Bod 
mer®> found that the binucleate Primula and 
Lythrum spp. showed inhibition in_ the style, 
while inhibition of the trinucleate grains ot 
Linum and Fagopyrwn spp. occurred at. the 
stigma surface. Lewis?’ observed disparity in 
osmotic pressures of “pin” and “thrum” pollen 
of Linum grandiflorum, but noted the inade 
quacy of this as the sole explanation for in 
compatibility inhibition. 

The genetic basis for heteromorphic incom 
patibility is an incompatibility locus with only 
two alleles, generally linked closely with genes 
affecting style and anther length, among other 
characters. It appears likely that this locus 
evolved independently of the S locus Cor loet) 
of homomorphic species, lacking as it does the 
allelic plasticity of the latter gene. Thus the 
maternal determination of pollen behavior of 
the Ss heterozygote may have a morphogeneti 
basis different from that of sporophytic ho 
momorphic incompatibility 

The observed correlation is suggestively a 
function of the relative timing of a series of 
events in microsporogenesis 


of S 
gene action mn 


System nucrosporogenes 
(Gsametophyti Late-—At or 


binucleate after meiosis 
Sporophyti Early Before 


trinucleate meiosis 


It might be argued that a single major change 
in timing of these (related?) events during 
sporogenesis and male gametogenesis led to 
the evolution of the sporophytic-trinucleate 
irom the gametophytic-binucleate system 


Discussion 


Sucrose appears to be a key to successiul 
germination and growth of pollen mm vrve 
Optimum germination and growth in vitro sel 
dom obtain in the absence of sucrose and of 
boric acid, the latter of probable significance 
as a sugar-transport agent!3, While a primary 
role of sucrose is clearly an osmotic one, tts 
niportance as a metabolite deserves attention 
Linskens24 has demonstrated that compatible 
tubes metabolize all available sucrose im pe- 
tunia styles, whereas the sucrose ts not used 
up in an incompatible mating (although in 
compatible tubes penetrate the style several 
mm.). O’Kelley82 has shown that pollen tubes 
metabolize a“ high proportion ol available su 
crose in culture media 

It is tempting to propose that the physio 
logical action of incompatibility alleles may 
he mediated simply via the control of sucrose 
uptake or metabolism by the pollen gram or 
tube. It is probable that the immediate § 
gene products are of antigen antibody type, 
interacting immunity-fashion to thus disrupt 
yrowth 

It appears possible that trinucleate grains 
might he relatively sucrose or metabolite 
deficient at maturity due to the occurrence 
of the second mitotic division in late micro 
sporogenesis. In contrast, binucleate grains 
might be relatively metabolite-rich when shed 
Restriction ol the availability of sucrose to 
4 metabolite-deficient trinucleate grain would 
thus result in the inhibition of its germination 
Under similar circumstances binucleate grains 
would germinate, but tube growth would cease 
when available metabolites in the grain had 
heen utilized 

Observations that may he related to the 
suspected metabolite concentration difference 
include the fact that a higher proportion ot 
trinucleate plants are successfully anemophi 
lous. Of similar interest is the observation 
that germination of most binucleate pollen 
may be accomplished readily in 3-10 percent 
sugar or sugar-agar solutions, espe ially upon 
addition of 10-100 ppm. boric acid. However, 
trinucleate grains seldom germinate satisfac 
torily when submerged or floating in such so 


ot Time of 
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cell division 


incompatibility 
inhibition 


Late —During Late During 
tube growth tube growth 
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lutions, and generally require higher sugar 
concentrations, The inferred turgor pressure 
relationships could be linked to physiological 
changes occurring during second mitosis. 

It has been demonstrated recently by Brew- 
baker and Majumder (unpublished) that pol- 
Jen tube growth of self-incompatible petunias 
may be inhibited drastically im vitro by stylar 
H.O-extracts of the same plants. This cor 
roborates the observations of Yasuda49 on 
petunia, Coutaud4 on apple, and Kast and 
Park® on Nicotiana sp. (although not always 
so interpreted) that the S allele inhibitory 
substance of the pistil is active in water ex 
tracts. It remains to be seen whether the ger 
mination and early growth of tricellular grains 
may be similarly inhibited mm citro. 


Conclusion 


A correlation is observed relating pollen 
cytology, type of incompatibility system, and 
site of incompatibility inhibition in homomor- 
phic flowering plants. Gametophytic type in- 
compatibility is observed primarily in’ species 
with binucleate pollen and with inhibition oc- 
curring during pollen tube growth. Sporophy- 
tic incompatibility is linked to trinucleate 
grains and inhibition of germination or early 
tube growth. The most conspicuous exceptions 
to the correlation are members of the Gra 
mineac 

An almost perfect association of pollen anat- 
omy and site of inhibition (binucleate inhibited 
in style or ovary, trinucleate on stigma) 
exists in 42 genera from 23 different families. 
It is suggested that this association might be 
the result of a difference in the amount of 
available metabolites in the bi- vs. the tri-nu- 
cleate grains at anthesis, with incompatibility 
acting to restrict sucrose uptake or metabolism 


TABLE IIL. Pollen anatomy and site of inhibition in self-incompatible species for which genetics is not known 


Self-incompatible 


Family species 
Kuphorbiaceae 
Fagaceae Castanea 8p. 
Leguminosae Lotu 
Gasteria 8p. 

He rocallis 

Lilium spp. 

Corydalis 
Reseda 
Valu Sp. 
Coffea sp 


Liliaceae 


Papaveraceae 
Resedace at 
Rosace 
Rubi eae 


Saxitragaced 


Convolvulaceae 
Geraniaceae 


Labiatae 
Salvia spp. 


* hollow style 


no style 


Euphorbia splendens bi ary 


corniculatu bi 


spp. 


odorata 


Tolmica mensiesit 


IT pom oca batatas 
Pelargonium hort, 
Rosmarinus officinali 
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by the male gametophyte. 

The inhibition of pollen-tube growth in vitro 
by self-stylar extracts is demonstrated for 
petunia. 
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A SELF-COMPATIBLE HYBRID FROM A 
CROSS BETWEEN TWO SELF-INCOM- 
PATIBLE SPECIES IN TRIFOLIUM 


KaAMLaA K. 


NTERSPECIFIC hybridization in 

the genus Trifolium has been largely 

However, sterile 
hybrid plants were obtained from the 
cross of T. repens (2n = 32) with 7. 
nigrescens (2n 16) by Trimble’. 
Keim’, working on the same species as 
Trimble, got the same results. He also 
obtained hybrids of 7. ambigum and T. 
hybridum utilizing an embryo culture 
technique. But these hybrids did not 
flower. Brewbaker and Keim* reported 
two fertile interspecific hybrids between 
induced autopolyploids of 7. repens and 
T. mgrescens. The hybrid in which one 
of the autopolyploids, 7. repens (2n = 
64), was self-fertile, was self-fertile, but 
the other in which both parents were 
self-sterile, was self-sterile. The selfed 
progeny and the backcross tests showed 
that the S alleles in the two species were 
homologous and that the self-fertility in 
the hybrid was due to the competition 
hetween the S alleles in the diploid pol- 
len, 

Near absolute failure of interspecific 
hybridization in Trifolium is of great 
evolutionary interest, Species which are 
far removed taxonomically and very dif- 
ferent in their morphology have very 
similar chromosome complexes, e.g., the 
Kuropean species, glomeratum and 
the Californian species, T. obtusifolium. 
On the other hand, we find closely re- 
lated species with very different chromo- 
some complexes. The wild red clover, 
T. pratense, is very similar to T. me- 
dium, but the former has 14 and _ the 
latter over 80 chromosomes. Further- 
more, though the number is the same, 
the shape and size of the chromosomes 
may be different (viz., in 7. pratense 


PANDEY* 


and 7. incarnatum). The great vari- 
ability in chromosome complexes in 7Tri- 
folium, according to Wexelsen', is a 
result of mutational changes in species, 
which have become isolated by inter- 
sterility, rather than the result of hy- 
bridization. Thus, while early in the 
evolution of Trifolium, natural hybridi- 
zation may have taken place!?, later mu- 
tational and chromosomal changes were 
dominant factors in the speciation of 
this genus. This resulted in the cyto- 
logical incompatibility between the spe- 
cies which is responsible for the failure 
of most interspecific crosses in Tri- 
folium today. 

The two species involved in the pres- 
ent study have very different distribu- 
tions. T. repens 1.. is a widely distribu- 
ted species found in almost all regions 
of the world. 7. uniflorum L.. is strictly 
a local species distributed in the alpine 
regions of the Mediterranean area. A 
cross between these two morphologically 
and geographically different species af- 
fords an opportunity to study the evo- 
lution of the self-incompatibility gene 
in these two species. 

Gametophytic multiple oppositional 
system (Nicotiana type) of self-incom- 
patibility has been found to exist in 
four species of Trifolium. T. repens?, 
T. pratense’, T. hybridum™ and T. ni- 
yrescens®, Self-incompatibility has not 
yet been investigated in T. uniflorum 
hut probably the same system also oc- 
curs in this species. 


Materials and Methods 


Seeds of T. repens were obtained 
from the Welsh Plant Breeding Station, 


*Publication 609, Department of Botany and Plant Pathology, Ohio State University, 
Columbus 10, Ohio (Present address) and John Innes Horticulture Institute, Hertford, Eng- 


land. The author is grateful to Dr. D. Lewis, F 


R. S. for facilities and encouragement during 


the research and to The Graduate School, Ohio State University for the Mary S. Muellhaupt 
post-doctoral fellowship during the tenure of which this work has been written 
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\berystwyth. One clone of 7. 
florum was made available by Mr. J. 
Newell, Curator, John Innes Horticul- 
ture Institute, Hertford, England where 
this work was undertaken, The clones 
of T. repens and T. uniflorum used in 
these experiments being fully self- ster- 
ile, emasculation of flowers for cross- 


pollination was unnecessary. However, 
Howers in which stigma was uncontami- 
nated by self-pollen were chosen for 
cross-pollination, Before pollination the 
anthers were removed from the flowers. 


Results 


From root tip smears, it has been ascer 
tained that 7. witflorum has 32 (2n) chromo- 
somes, the same as in 7. Repens'® 

Interspecific 30-50) percent as 
many seeds as intra-specific crosses. How 
ever, out of 30 seeds sown only two (9? 7. 
uniflorum % 4 T. repens) germinated. Of 
these, one was fully albino and died 
after germination, the other was three-fourths 
albino and had a sector of one-quarter green. 
With careful handling, this seedling survived, 
the green sector giving rise to a fully green 
shoot which developed into a healthy plant. 

The morphological characters of the hybrid 
plant were intermediate of the two species. 
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The size of the flower, size of the peduncle, 
number of flowers in a head all showed this 
phenomenon. However, the most remarkable 
result of the hybridization was that the hy- 
brid was self-fertile. It had about 45 percent 
pollen fertility. The hybrid was selfed and 
reciprocally backcrossed to both the parents. 
The results in terms of crossability (+) and 
non-crossability (—) are as follows: 

Hybrid selfed 

Hybrid 7. 

Hybrid 7. 

uniflorum hybrid 

I’. repens hybrid 

These results could be explained on either 
of the following assumptions: (1) the S$ 
genes in the two species are located at differ 
ent loci in the same homologous chromosome 
and there is considerable crossing-over be- 
tween the two loci. (2) The S genes in the 
two species are located in different non-homo 
logous chromosomes. The hybrid would thus 
produce four kinds of pollen grains, one of 
which will have none of the two S alleles 
and thus would be devoid of any self-incom 
patible reaction, This would lead to. self 
fertility. In reciprocal crosses with its par- 
ents half of the pollen grains in each cross 
would be compatible. 

The result of the cross, if the S genes in 
the two species were loosely linked, are given 
below. For the sake of clarity, the S genes 
in 7 repens are denoted by ‘S” series and 
those ot » uniflorum by ‘T” series. The re- 
cessive genes, s and ft, are of no significance. 
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The reactions of the hybrid in reciprocal 
crosses with its parents are shown in Table I. 
Iexactly the same results would be obtained if 
the S genes were independent. 


Discussion 


Interspecific crosses in self-incompatible 
species in Solanum resulted in self-incompat- 
ible hybrids. Hybrids between two diploid spe- 
cies, S. caldassti and S. subtillius, resulted in 
four incompatibility groups in the Fy. This 
indicates that the alleles in the two. species 
are homologous and that each series can work 
efficiently in a hybrid genetic background!, 
A similar relationship has been found in the 
hybrid between S. rybinu and S. simplicifo- 
lium by Black, 

However, inter-series crosses, S. aracé 
papa (Tuberosa) S. subtilius (Commer- 
soniana) revealed certain additional genes op- 
erating in the control of self- and cross-in- 
compatibility in these species!4, The: results 
have been explained by Pushkarnath. on the 
assumption that the normal homomorphic type 
of incompatibility system in S. aracc-papa is 
modified by another factor K which when 
present in the style, either in homozygous or 
heterozygous condition, prevents all pollen 
tubes carrying S alleles from effecting fertili 
zation. According to him, “the presence of 
“Rh” gene in the pollen would appear to have 
uo significance and it does not alter or influ- 
ence the action of the basic S gene.” How- 
ever, a critical examination of his data indi- 
cates that the R gene in the male parent has 
the sporophytic effect of removing the speci 
ficity of the S alleles in the pollen. Thus in 
the CTOSS 9 Sat Ss Ste Rk, Yi, 
which should have normally produced four 
genotypes (5) Su kin, Si Rin, 
S, Senn), eight genotypes OS: Sw Rin, 
Sa S12 Ss Siz mri, Ss Ss R, 
Si: Sant, SaSsRin, were recov- 
ered, This indicates that the pollen Sy Ky and 
Sor, which should have been incompatible on 
the female parent containing the Ss allele, 
were compatible. Since both pollen grains, 
ky which contains and Ss which lacks 
are compatible, the influence of remov 
ing the specificity of S alleles in) pollen is 
sporophytically determined, 

Another inter-series cross between S. ry- 
hintt (Tuberosa) and S. subtilins (Commer- 
soniana) were reciprocally compatible™. All 
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the progeny of the cross S. rybinu 
S. subtilius were self-incompatible. They were 
cross-incompatible with each other and also 
reciprocally with both of their parents. These 
results are quite different from those observed 
in the other inter-series cross, S. subtilius 
aracc-papa. Pushkarnath assumed that 
an independent system of S genes, other than 
those found in the series Commersoniana, was 
probably operating in the series Tuberosa. 
Further work on the self-incompatibility in 
these and other Solanwn species should be 
rewarding. 

Recent studies in the family Gramineae 
have shown that in Secale cereale, lestuca 
pratensis'12 and Phalaris coerulescens® the 
self-incompatibility is controlled gametophy 
tically by two loci, each with a series of 
multiple alleles. Thus selection has had an 
opportunity here to work with allelic interac 
tion in the pollen so as to render it consistent 
with a normal functioning of the incompati 
bility mechanism. In all other studied cases 
of self-incompatible angiosperms with homo 
morphic incompatibility, the incompatibility 
system is generally controlled by a 
gene with a large number of alleles 

The present study reveals a case where in 
the same genus, Trifolium, two species, 7 
repens and 7, uniflorwm (having probably the 
same system of self-incompatibility, 1e., one 
locus, multiple alleles) differ in the location 
of the S gene in the chromosome complement 
It is not yet known whether the two different 
Joci are on the same homologous chromosome 
or on different non-homologous chromosmes. 
In both cases the hybrid would be self-fertile 
and reciprocally cross-compatible with both 
parents. 

This is the first case in which two normal 
self-incompatile species produced a_ self-com 
patible hybrid. The crossability of the hybrid 
with both parents, one of which (F. repens) 
is a widely used commercial pasture crop, 
makes it very suitable material for breeding 
better varieties of clover for fodder and honey. 
There is a possibility of tackling the problem 
of seed production in 7. repens through the 
utilization of this hybrid in the breeding pro 
gram. Backcrossing of this hybrid to a com- 
mercial variety of 7. repens coupled with 
selection and induced polyploidy may have 
great possibilities in clover breeding. These 
potentialities of the hybrid are being explored 
by the author 
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Summary 


A hyrid plant was obtained from a cross 
hetween two self-incompatible species of Tri- 
folium, T. uniflorum L. & T. repens L. The 
chromosome number in 7. repens is known 
to be 32 (2n). From root tip smears it was 
ascertained that 7. uniflorwm also has 32 
(2n) chromosomes. The hybrid is vigorous 
and intermediate in characters between the 
two parental species. It is self-fertile and 
crosses reciprocally with both of its parents. 
Self-fertility of the hybrid is explained on 
the assumption that the S gene in the two 
species are located at different loci, either on 
the samc homologous chromosome with con 
siderable crossing-over, or on different non- 
homologous chromosomes. 
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PRENATAL MORTALITY IN MICE BEAR- 
ING THE POLYDACTYL GENE COMPLEX 


LAWRENCE B. Harpy* 


occurrence in this laboratory of 

polydactylous mice and several of 

their derived sublines has been de- 
scribed by Engel*, Strong®, and Strong 
and Hardy®. When the luxoid subline 
was deseribed it was stated that the stock 
also appeared to carry a “semi-lethal” 
factor®, This observation was based on 
a smaller average litter size of offspring 
at birth in comparison with the litter size 
of young at birth of mice of the original 
non-polydactylous ancestral stocks. The 
degree of lethality was poorly expressed 
due perhaps to several unrecognized va- 


riables among which was the cannibal- 


ism of mothers. 
It is the purpose of this paper to de- 
termine in detail the “actual litter size.” 


The term “actual litter size” shall mean 


the total number of embryos produced 
by fertilization regardless of their sur- 
vival to parturition or subsequent pre- 
natal death and disappearance. The evi- 
dence for disappearance of embryos shall 
he the counting of moles. 


Materials and Methods 


All of the animals used in this experi- 
ment were born and raised in this labo- 
ratory, The origin of these mice has 
heen discussed by Strong and Hardy®, 
It should be reiterated that these animals 
are a single independent subline charac- 
terized by several mutations that oc 
curred in an inbred line of mice whose 
ancestors, the NITO, had received meth- 
Vicholanthrene for many generations. 
They themselves, however, have not re 
ceived this carcinogen since the discov- 
ery of the polydactylous condition 

The laboratory conditions have been 
kept fairly constant; temperature 68°- 
75°F, humidity 50-60 percent. Wooden 
boxes painted with non-lead (titanium) 


white paint were used. Litter of kiln 
dried sawdust and a little absorbent cot- 
ton for nesting material were also used. 
These boxes were cleaned disin- 
fected with Roccal at weekly intervals. 
“Mouse Blocks” was the staple food, 
with supplements of mixed — grains 
(wheat, oats, sunflower seeds) and calf 
meal pellets. This regime has proven to 
be highly conducive to good reproddue- 
tion through the many years of the 
Strong mouse colony, 

The animals used were of two groups, 
experimental and control. The experi- 
mental animals were polydactylous mice 
from the main breeding colony, and were 
of the “special descent.” The term “spe- 
cial descent” refers to those mice selected 
hecause of the presence of polydactylia 
on all four feet and the high number of 
luxoids that they threw. No selection 
was made in regard to their ordinal lit 
ter number, 

The controls were normal toed mice 
of the same “special descent.” The term 
normal means that the mice did not ex- 
hibit any of the polydacty! or luxoid 
claracteristics, such as polydactylia, lux 
oid, open eyelid, mild anemia, hydro 
cephalous, and alopecia®. Normal ap 
pearing mice (somatic overlaps) may, 
however, have some of the complex poly 
dactyl or luxoid syndrome, since a nor 
mal mouse of this descent has given poly 


dactylia when outcrossed to a mouse of 
the C57 strain. The C57 strain has been 
proven to be free of polydactylia or any 
of its related morphological character 
Istics, 

All animals of both groups were pen 
mated, usually two females and two 
males toa pen. The colony was observed 
twice a week for pregnancies. When 
animals were found to be in late preg- 


*Biological Station, Roswell Park Memorial Institute, Springville, N. Y. This experiment 
has been made possible, in part by a grant from the National Heart Institute of the United 
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Strong 


282 


| 
= 


Hardy: Prenatal Mortality in Mice Bearing Polydactyl Gene — 283 


naney of about 14-15 days they were 
sacrificed by ether and autopsied imme- 
cliately. 

The uteri were removed in toto and 
placed in a petri dish containing a small 
amount of physiological saline solution, 
The uteri were stretched considerably 
as described by Hollander and Strong! 
so that the embryos and “moles” (par- 
tially reabsorbed embryos and placentae ) 
could be observed and recorded. All 
embryos were removed and examined 
for morphological abnormalities, such as 
polydactylia, luxation, craniorachischisis, 
pintail, loop tail,as well as viability. The 
viable to dead ratio was determined for 
each pregnant female. [Embryos were 
considered dead when they were being 
absorbed or when circulation had obvi- 
ously failed. 


Results 


The following data are the compila 
tion of observations of 40 pregnant mice 
in each group. There was no difficulty 
encountered in any of our observational 
techniques. 
absorbed embryos and placentae were 
observable because the placental scars 
and the disintegrating vasculations were 
still discernible. 


Ikven the most completely 
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The total data for both experimental ‘and control groups are tabulated 


In Group | (poly poly) a total of 
241 fetuses and moles were found. There 
were 171 (71.1 percent) found 
and 70 (28.9 percent) moles, this 
group, 124 embryos (74 percent) were 
no sep 
arate classifications for each foot 
made, Of the 127 polydactyls, 12 (11.1 
percent) were also luxoid, 

In Group IL (normal 
fetuses and were found. Two 
hundred and twenty-eight per 
cent) were viable, 34 (12.6 
were moles and no polydaetyls or lux 
oids were found (see Table [). 

It is noted in Table I] that the aver- 
age viable litter size for normal mice ot 
the polydactylous descent mated to nor 
when the per 


viable 


polydactylous to some degree 
were 


normal) 262 


moles 


percent ) 


mal males is 5.70 mice; 
centage of moles is added the resultant 
litter size is 6.44 mice. In the polydactyl 

polydactyl matings, the litter size of 
viable embryos is #.25; after the per 
centage of moles is added the size is 
5.40 mice. Litter size in mice of the 
special descent in the original Strong 
colony where selection was carried out 
on the basis of maternal age, the aver 
age was found to be 5.57 mice for the 
first litters and 5.97 for the fourth litters. 
Penetrance of the polydaetyl gene in the 


The column “Total Num 


and “Number of Moles” 


Average litter size of viable embryos are compared with viable plus dead embryos 


Average litter ” \verage 


f entit 


. 
} | 
| 
(| 
} 
| 
| 
| 
Number Potal 
Gi jable Percentage Number Per tage imbet 
no mobrs embrve moles poly poly embry 
17 71 70 127 74.0 ) 
228 87.4 M4 12.6 0 262 
Gr le 
+) = 4.25 6.25 
at» 
NHO } 
*Ancestral stocks obtained by Hollander and Strong’. es 
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was found to be 75.27 percent of 
all the young in the early litter descent’. 
The present study was based only on 
young female mice which were having 
either first litters or not more than their 
fourth, 


Discussion 


The data of this experiment clearly indicate 
that the polydactyl gene described py Strong 
is inherited as a dominant. When normal mice 
were mated inter se the ensuing embryos were 
devoid of polydactylia. 

In Table I it is noted that the experimental 
group of animals (poly & poly) had a very 
low viability of about 71.1 percent as opposed 
to the controls (normal % normal) that had 
a viability of 87.4 percent. 

Group Il shows that 12 percent moles are 
present whereas in Group I the percentage is 
about twice as many-—27 percent. When re- 
porting an average prenatal mortality of six 
inbred strains, Hollander and Strong? re- 
ported that it “is remarkably constant, about 
15 percent.” Thus the data of our normal * 
normal mice compared favorably with the nor- 
mal mortality of other inbred strains 

Hollander and Strong’ indicate the 
average litter size for the two ancestral stocks 
of our polydactylous stock was about 8.8 mice. 
Unpublished data of Strong indicates that the 
range averages from about 5.57 for first litters 
to 5.97 for fourth litters. When the mortality 
percentage (moles) is added to this data we 
find that the resulting litter size would be 7.83 
for first litters and 8.39 for fourth litters. 
When the average litter size of this experi- 
ment for the polydactylous & polydactylous is 
treated the same way we find that the litter 
size is 5.98 When the same treatment is 
given to the data of the experimental group 
the litter size averages 6.44 mice. This indi 
cates that the presence of polydactylia (under 
maternal age selection influence) reduces the 
litter size considerably. 

Danforth and de Aberle? in 1928 counted 
corpora lutea and found that the average count 
was 8.4 per female. Their data does not indi- 
cate whether this includes dead embryos. Bur- 
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dick and Crump! using albinos of the Rock- 
land strain reported an average litter size of 
living young (as determined by actual beating 
hearts) to be 7.8 at 10 days gestation. This 
may indicate that there is little mortality be- 
tween the 10-14 day period. Thus our data 
hased on 14-15 days gestation period appar- 
ently include all young that were produced by 
the fertilization. 


Summary 


The present data indicate that the presence 
and the expression of the polydactyl gene re 
duce the viability of the young in utero. Nor- 
mal animals, however, of the polydactyl de- 
scent show a mortality equal to one-half. This 
is quite similar to mice of other inbred lines. 
When the litter size is viewed in comparison 
with the average litter size of two of the an- 
cestral strains (the C57 and NHO) there ap 
pears to be a reduction in litter size whether 
the expression of the polydactyl gene complex 
is present or not. The influence of maternal 
age selection may also play a significant role 
in changing the size of the litter. 
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GENE STUDIES IN TOMATO SPECIES 
HYBRIDS 


Segregation of Lycopersicon esculentum Marker Genes in Backcross 
Progenies from Hybrids with L. chilense 


R. K. Soost 


HE importance of members of the 

subgenus /riopersicon"™ in tomato 

breeding has been indicated by Les- 
ley®, Rick and Smith’? and Doolittle’. 
They also have discussed the difficulties 
encountered when attempting hybridiza- 
tion of Lycopersicon esculentum with L. 
peruvmanum., However, hybrids between 
L. esculentum and L. chilense were ob- 
tained by Lesley and Lesley’ without 
the aid of embryo culture. Rick and 
Lamm'!'! also obtained hybrids, using an 
accession (ILA 143) which they classify 
as L. chilense. Because of the compara- 
live obtaining hybrids, the 
progenies reported in the present study 
were obtained with L. chilense as the 
representative of the subgenus Erioper 
sicon, These progenies offered an op- 
portunity to observe the expression of 
marker genes contained in L. esculentum 
when introduced into the subgenus /¢rio 
persicon., 


ease of 


Materials and Methods 

The pollen parent was a single plant 
from seed supplied by Dr. 
Holmes*. This seed originated from a 
plant established from a single seed tak- 
en from sheet 5589 of the Gray Herhar- 
ium, the specimen on that sheet having 
heen classified as L. chilense. The pol- 
len parent plant is the same one that pro- 
duced the hybrids obtained earlier by 
Lesley and Lesley’. Its comparatively 
easy crossing with L. esculentum, to- 
gether with its taxonomic characters, 
definitely indicate it to be L. chilense 
rather than a form of L. peruvianum var. 
dentatum. 


AND J. W. Lestry* 


Six F, plants (132-1 through 132-6) 
were obtained by using an L. esculentum 
plant heterozygous for d, a, 7, J, 
and f. Each of these Fy plants was 
crossed with a homozygous c, a, J, | 
tester plant. One Fy, (132-4) was also 
crossed with a homozygous d, ¢, 1, 7, y 
tester plant and with a homozygous d, 
p, o, s, r, tester. Another Fy, (132-6) 
was crossed with a homozygous wt, J, 
br tester. All resulting progenies were 
scored for d, ¢, a, r, vy, and 7. One Fy 
(133-1) was obtained by using an L. es- 
culentum stock homozygous for d, c, and 
/ and heterozygous for a, r, and y. This 
was crossed with a d, ¢, 4a, 7, y 
tester, and the resulting progenies were 


scored for these genes 
Results 


All the Fy plants obtained were un 
fruitful and partially pollen sterile, but 
their pollen set seeded fruits when ap- 
plied to L. esculentum plants. Of the six 
K, plants obtained with the seed parent 
heterozygous for 7, 132-2 and 132-6 were 
This, of course, indi- 
cated that the L. chilense parent was at 
least heterozygous for 7. The L. chilense 
parent had died before the Fy plants were 
examined, but a photograph of the in- 
florescence (Figure 11) indicates that it 
was also plienotypically 7. The back 
cross data (Table [) demonstrate that 
the other four Fy plants from this cross 
were heterozygous for 7. None of the 
other recessive genes present in the L. 
esculentum parents were expressed phe 
notypically in the Fy plants 


phenotypically 7. 


*Department of Horticulture, University of California Citrus Experiment Station, River 


side, California 
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LYCOPERSICON CHILENSE 


Figure 11 
This pollen parent, which is phenotypically 7, shows lack of pedicel joints. 


Segregation for a was not distinct 
even in the families where segregation 
is indicated (Table 1). All Fy plants 
showed only slight development of an- 
thocyanin. The presence of some antho- 
ceyanin in all Fy plants indicates that the 
L. chilense allele of at allows formation 
of the pigment even in the presence of 
a. However, the lack of full development 
of anthocyanin indicates a suppression 
of at by the L. chilense genotype. In 
scoring the progenies for a the segrega- 
tion was most definite about 10 to 14 
days after sowing. At later dates seed- 
lings rated as showing intermediate de- 
velopment of anthocyanin became in- 
creasingly difficult to separate from a 
plants. 
at an early date into two categories, no 
anthocyanin and slight to much antho- 
cyanin, good agreement with an expect- 
ed 1:1 backeross ratio is indicated. In 
progenies from 132-6, all seedlings rated 


a on initial scoring remained so in sub- 


If the seedlings were classified . 


sequent scorings. If a partially domi- 
nant suppressor gene S is postulated in 
L. chilense, then phenotypes a s+ and 
a S possess no anthocyanin, phenotype 
ot § may show partial development of 
anthocyanin under some conditions, and 
phenotype at s+ would show full devel- 
opment of anthocyanin. Progenies from 
132-3 and 132-4 (Table 1) particularly 
when classified after emerging, 
have an excess of plants showing devel- 
opment of anthocyanin. In fact all 13 
plants of one family showed some devel- 
opment of anthocyanin at the time of 
classifying. This indicates that the prog- 
enies from these two F, plants contained 
no homozygous a plants, but that the 
plants scored as lacking anthocyanin 
were actually heterozygous for at or its 
chilense allele; yet development of an- 
thocvanin was suppressed by the S gene. 
In one family resulting from crossing 
132-4 with a tester homozygous for at, 
all seedlings were classified as possessing 
some anthoeyanin, again indicating that 


soon 
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suppression of at is not complete. The 
progenies from 133-1 (Table I) scored 
for a in the field as mature plants, show 
more a plants than expected and again 
indicate the increasing suppression of 
a* as the plants mature. 

The tester stocks used did not con- 
tain the al, ay, or aw genes, ‘Therefore, 
the effect of these genes on anthocyanin 
development probably was not a factor 
in the behavior of these progenies even 
though the 1. chilense parent may have 
contained one or more of them, 

The flesh color of the few fruits set on 
the F, plants was ochraceous-buff-color 
according to Ridgeway'’. Many 
plants in the progenies from the F;, 
plants failed to set fruits, and segrega- 
tion for r+ among those having fruits 
was not sharp. All the scored progenies 
from the F, plants crossed with the stock 
homozygous for r+ had plants with some 
visible red in the fruits although the in- 
tensity of the red was variable and some 
plants were without any detectable red 
color. The lack of visible red color in 
the F, plants and in some plants of all 
progenies indicates that red color cannot 
develop in the presence of some one gene 
or several genes from L. chilense. A\l- 
though the number of plants is small 
the indication is that the absence or 
presence of visible amounts of red 
color is controlled by a single dominant 
vene allelic to r+. One Fy (132-4) which 
was crossed with the stock homozygous 
for r+ and also to the one homozygous 
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for r, had some red-fruited plants in all 
progenies (Table I) and thus demon- 
strated the presence of r+ in this Fy. The 
progenies resulting from crossing 133-1 
with a stock homozygous for r contained 
no plants with red color, demonstrating 
the lack of r+ in the Fy and the lack of 
r+ or an equivalent gene in L. chilense, 

lesley and Lesley® classified popula- 
tions of derivatives from L. hirsutum 
and L. peruvianum var. dentatum (L. 
chilense) for fruit color. Using seven 
color classes as their basis, they con 
cluded that these species differ from L. 
esculentum by at least three genes affect 
ing fruit color and that these genes are 
partially dominant. The present data do 
not contradict their data but indicate 
that lycopene is developed to a slight 
extent, if at all, when r+ is absent and 
that there is one gene in L. chilense that 
almost fully restricts the development of 
lyveopene even when is” present. 
The isolation of B by Lincoln and Por 
ter® from 1. hirsutum, and its interac 
tions as determined by Tomes et al", 
indicate that a similar if not identical 
gene could be operating in L. chilense. 

The F, plants had fruits with pale- 
yellow -skin, and skin pigmentation in 
the backcross progenies was most vari- 
able, with only a few nonpigmented 
plants occurring even in some progenies 
from crossing the F, plants with stocks 
homozygous for y. Even less expected 
was the occurrence of nonpigmented 
skin on’ some plants in progenies from 


TABLE I. Segregation of the Lycopersicon esculentum marker genes in backcross progenies from hybrids with 


. chilense 


I ester 7 


stock 


The L. esculentum parent of 


the parent of 133-1 was homozygous for d, ¢, 


f plants 132-1 through 132-6 was heterozygous for d, a, ¢, 7, ¥, Jy 


1 / and heterozygous for a, r, and 


ic 
} 
} 
a 
| 
| 
* 
plants j4 d dt , a at 
2 
132-1 2 0) 34 0 39 #12 «414 0 
d 4 
] 0 95 0 0 95 G5 
132-3 129 108 49 64 0 113 413 6 44 55 11 
132-4 136 130 0 108 108 2 5 430 0 
3 19-25 0 46 
132-5 0 72 6 () 72 72 
136-6 243 «191 «141 0 6 41 0 119 91 
? 101 *4 0 147 Kh 67 146 0 49 12 65 
4 0 18 I8 0 0 1s 4 6 4 
Ass 
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crossing Fy plants with stocks homozy- 
gous for y+. Therefore, L. chilense must 
possess the potential for producing skin 
pigment, but the development must be 
restricted by suppressor genes. Both 
Lesley and Lesley’? and MacArthur 
and Chiasson® demonstrated ‘that the 
skin color of Fy plants of L. esculentum 
x L. hirsutum or L. chilense was inter- 
mediate when the 1. esculentum parent 
was homozygous for yt. MacArthur 
and Chiasson® also indicate that the Fy 
was clear-skinned when the L. esculen 
tum parent was homozygous for y. Al- 
though the constitution in relation to y 
of our Fy plants is in doubt because the 
L. esculentum parents used in our trials 
were heterozygous for y, none of the Fy 
fruits were rated as completely lacking 
in skin color. The abnormal segrega- 
tions in the backcross progeny also indi- 
cate that genes other than y+ are con- 
tributing to pigmentation of the fruit 
epidermis. 

Chi-square analyses of the segregation 
data for 7, d, and / indicate no significant 
deviations at the five percent level from 
an expected ratio. Segregation for 
¢ approached the level of a significant 
difference for a 1:1 ratio in two prog- 
enies, Although it was not difficult to 
score for J, d, 1, or c, there was a consid- 
erable amount of variability in the ex- 
pression ot poth d and c. The oceur- 
rence of plants which were rated as d 
in progenies of 132-4 and 132-6 (Table 
1) was unexpected and is without ade- 
quate explanation. Other progenies from 
the same F, plants did not contain d 
plants. These plants must have been 
dwarfed by action genes other than d or 
hy chromosome irregularities. The pres- 
ence of similar dwarfed plants in other 
populations derived from crosses of L. 
esculentum with Eriopersicon species 
has been reported by Rick and Smith!’. 
However, their occurrence in families 
from backcrosses to 1. esculentum is not 
to be expected. 


Discussion 


The behavior of the marker genes from L. 
esculentum, included in these trials, when in- 
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troduced into a species of the subgenus Eriov 
persicon indicates that some L. esculentum 
genes will be manifested as they are within 
the species of origin. The expression of others 
is greatly modified either by the action of their 
alleles or by epistatic modifiers in the /rio 
persicon species. The expression of 7 in the 
I, also demonstrates that some genes present 
Fi L. esculentum may also be present in the 
subgenus Lriopersicon. In part, at least, the 
similarities as well as the differences of the 
gene systems of L. esculentum and L. chilense 
are demonstrated. Therefore, in these inter- 
specific crosses the behavior of L. esculentum 
genes when co:nbined with L. chilense genes 
cannot be predicted from their behavior in an 
L.. esculentum background. The difference in 
gene constitution between L. esculentum and 
L.. chilense is paralleled by indications of gen- 
eral pachytene homologies of the chromo- 
somes of L. esculentum with L. hirsutum and 
L. peruvianum but with some differences in 
several chromosomes?: 

Although MacArthur and Chiasson? report 
an approximate 1:1 segregation for the reces- 
sive genes they tested in crossing with L. hir- 
sutum, Sawant!4 indicates significant differ- 
ences from expected numbers in backcross 
and Fy populations from crosses of two lines 
of L. hirsutum with L. esculentum. He found 
that the recovery of sp+ and at was less than 
expected but that c+, mst, Wot, and dt 
were in excess. Sawant!4 discusses his results 
in relation to those obtained by Stephens! 
and Harland® in cotton. Because of the de- 
ficiencies of the LL. esculentum genes that 
Sawant!4 observed when backcrossing to L. 
esculentum, the data do not fit the explanation 
suggested by Stephens!® for cotton, where 
the donor parent genes are in excess. The 
differences in the behavior of the several 
genes tested by Sawant!4, and the behavior 
of a, y+, and r+ in our material, suggest that 
deficiencies or excesses may be due to the 
interaction of systems of modifiers, as sug 
gested by Harland* for cotton. Inheritance of 
a character may be simple in 1. esculentum 
but polygenic in the species crosses and may 
account for some of the difficulty in) trans- 
ferring genes from the subgenus /‘rtopersicon 
to L. esculentum. 


Summary 


Seven F, plants of Lycopersicon esculentum 


x L. chilense were obtained from two stocks 
of L. esculentum containing a total of eight 
recessive marker genes. Progenies obtained 
hy backcrossing the F; plants with esculentum 
stocks homozygous for these genes were an 
alyzed for the segregation of these genes. 
Segregations of the c, j, d and I genes 
showed no significant deviations from the ex 
pected monogenic inheritance. The at gene 
hehaved as if altered in its behavior by a par- 
tially dominant suppressor gene inherited from 
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L. chilense. Expression of rt and yt were 
greatly modified. Little if any lycopene was 
developed unless r+ was present and then 
only in about 50 percent of the plants. The 
numbers of plants expressing y was usually 
deficient ; however, plants classified as pheno- 
typically y occurred in progemes where they 
were not expected. 

It is suggested that the phenotypic expres- 
sion of some L. esculentum genes may be 
greatly altered by genes introduced from 
chilense or from other species of the subgenus 


kriopersicon 
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THE SEX CHROMOSOMES OF THE 
MAIDENHAIR TREE 


Epwarp GENE PoLLocK* 


chromosome number of the 
Maidenhair tree (Ginkgo biloba) 
is 2n = 24. This number was first 
reported by Ishikawa*, and has been 
verified by Herzfeld®, Shimamura'’, Sax 
and Sax!!, Tanaka et Newcomer", 
and Lee*®, A haploid number of 16 was 
found by lick?; and Chamberlain‘ re- 
ported a chromosome number of 2n 
16. Three male and two female trees on 
the grounds of the University of Vir- 
vinia have 24 chromosomes. 
The first report of sex determination 
in plants, based upon a difference in the 
chromosomes, was made by C, FE. Al- 


Subsequently, chromosomes as- 


sociated with sex have been found in 
many dioecious plants. It was suggested 
hy Herzfeld® that male and female Gink- 


yo trees might be found to differ in the 
morphology of their chromosomes. 
ichorn® was the first to report the ex- 
istence of satellites in the maidenhair 
tree, and suggested that these might be 
of some significance in sex determina- 
tion, Sax and Sax! studied the chromo- 
somes of the female gametophyte in 
some detail, but overlooked the satellites. 

More recently Newcomer! and Lee® 
have described chromosomes which they 
consider may be sex chromosomes. 
Their observations, however, are not in 
agreement. Newcomer!” tentatively con- 
siders that sex determination is associa- 
ted with the longest pair of chromo- 
somes which are described as dimorphic 
in the male. One of the members of this 
pair is medianly constricted, while the 
other is sub-medianly constricted and 


*Department of Biology, University of Virginia, Charlottesville. 


slightly longer. He has found that the 
medianly constricted chromosome of the 
pair occurs in approximately half the 
microspores and the sub-medianly con- 
stricted one in the other half. 

Lee® found that in the ovulate tree 
there are four chromosomes with satel- 
lites, while in the staminate tree there 
are only three. The ovulate tree has a 
small pair of chromosomes which has 
satellites, while in the staminate tree 
only one chromosome of this pair has a 
satellite. It is on the basis of this single 
chromosomal difference that Lee infers 
an XY type of sex determination. 

These works have led to the supposi- 
tion that G. biloba possesses an XY type 
of sex determining mechanism, the na- 
ture of which is explained in terms of 
the female tree producing one type of 
gamete ; i.e., possessing an X type chro- 
mosome; and the male tree producing 
two different types of gametes; i.e., one 
with an X and one with a Y chromo 
some, 

Since T.ee ascribes the absence of a 
satellite on one of the smaller chromo- 
somes in the male as being significant in 
sex determination, and Newcomer pro- 
poses that the largest chromosome pair 
is associated with sex, it seems desirable 
to re-examine the chromosomes of the 
two sexes. The need for such a re-ex- 
amination is evident when one notes that 
Newcomer's figures have recently been 
incorporated in a botanical texthook.* 

The chromosomes of staminate and 
ovulate trees have examined in 
considerable detail and it is now clear 


been 


The author wishes to 
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Plant Classification by Lyman Benson. Newcomer's material is represented as an example 
of an heteromorphic pair of chromosomes thought to he associated with sex determination 
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Pollock: Sex Chromosomes of the Maidenhair Tree 


FEMALE 


SOMATIC CHROMOSOME KARYOGRAM 


Figure 12 


Karyograms of somatic chromosomes of male and female maidenhair trees 


that difference between the 
sexes is the presence of a satellite on the 


long arms of two small, subterminally 


the only 


constricted chromosomes in the female 
and the absence of one of these satellites 
in the male. 


Materials and Methods 

Young leaves were collected from one 
male and two female trees on the 
grounds of the University of Virginia in 
late April. Staminate cones were col 
lected from two trees during the devel 
opment of the gametophyte in May. The 
material was fixed in acetic-aleohol (one 


part glacial acetic acid and three parts 
of absolute ethyl alcohol) and stored at 
5° C. Temporary aceto-carmine squashes 


were made from leaf material that had 
heen hydrolized in equal parts of con 
centrated hydrochloric acid and absolute 
ethyl alcohol for one-half hour’. Micro 
spores were stained with aceto-carmine 
and flattened. Observations were made 


See text for details 


through a Bausch and Lomb microscope 
using 10%, 15, and 20% oculars, and 
a 1.8 mm oil-immersion objective. The 
drawings were made with the aid of a 
camera lucida. 


Observations and Discussion 

The somatic chromosomes in young leaves 
of Ginkgo are not as difficult to analyze as 
has been formerly maintained, Divisions are 
numerous if collections are made at the proper 
time of the year. Chromosomes at anaphase 
are the best for study since the constrictions 
are readily identified as 
in progress, and the satellites are easily seen. 
The diploid complement consists of 12 pairs 
Three of these pairs are sub 
medianly, while the remaining nine pairs are 
sub-terminally constricted (Figure 12). It is 
the first, fifth, and seventh largest pairs which 
have sub-median centromeres. Though Sax 
and Sax!! and Lee® reported only two sub 
median chromosomes, their karyograms actu 
ally depict nine sub-terminal ones and not 
ten. The somatic chromosomes range in 
length from 5.6-12.34 with three pairs repre- 
senting the shortest group. The next longer 
one is comprised of three pairs all identical in 
total The third and fourth 
groups are made up of two pairs each, while 


poleward movement 


of chromosomes 


longer 
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the longest and second longest groups are each 
represented by a single pair. The lengths of 
chromosome arms and total chromosome 
lengths are given in Table I. The values are 
identical for anaphase chromosomes of both 
male and female trees. They do not represent 
average lengths, but are true measurements of 
all the chromosomes of two cells which were 
especially clear in every detail. 

Approximately 50: cells at metaphase or 
anaphase were observed in which four satel- 
lites were apparent in the female and only 
three satellites could be distinguished in the 
male. The entire complement of each of these 
was not analyzed, but many cells at anaphase 
were studied completely, thereby revealing 
the relative arm lengths of all the chromo- 
some pairs (Figure 13). 

In the female, satellites are located on the 
short arms of the longest, sub-medianly con- 
structed pair of chromosomes, and on the long 
arms of one of the shortest, sub-terminally 
constricted pairs. In the male, satellites are 
located on the short arms of the longest, sub- 
medianly constricted pair of chromosomes, 
while only one member of the shortest sub- 
terminally constricted pair has a satellite (Fig- 
ure 12). Thus, the gross difference is that the 
female has four chromosomes with satellites, 
while the male has three. This heteromorph- 
ism of the shortest, sub-terminally constricted 
chromosome pair is found in all of the cells 
of male plants. Satellites occur on both mem- 
hers of this pair in the female. 

Observations were made on microspores and 
in all cases satellites were present. Half the 
microspores had two chromosomes with satel- 
lites, while the other half had one. The larg 
est chromosome had a satellite on its shorter 
arm in all of the microspores, but in half of 
them a satellite was found also on the long 
arm of one of the sub-terminally constricted 
chromosomes, This is a confirmation of the 
observations of Lee®, 

Resting nuclei in the leaves of female plants 
have two, three, and four nucleoli, but more 
commonly two, There are one, two, and three 
nucleoli in the resting nuclei of the male, but 
more commonly one. This agrees with the 
number of chromosomes with satellites. Since 
the organization of the nucleolus seems usually 
to be the function of a specific portion of a 
particular chromosome, it is probable that the 
organization of the nucleoli of Ginkgo is asso- 
ciated with the satellite chromosomes. Lee® 


TABLE I. 


Length of 


Chromosome 
Pair 


Short arm 
Long arm 
Total 
length 


SOMATIC CHROMOSOMES 
Figure 13 

1--Somatic complement in female tree of 
Ginkgo showing one pole of the chromosomes 
at anaphase (2n = 24). The constrictions and 
the satellites are easily seen (3550%). B 
Somatic complement in the male tree of 
Ginkgo also at anaphase (3550% ) 


depicts nucleoli in prophase stages of haploid 
cells but does not attempt to identify the 
chromosomes associated with them. 

Dealing principally with microspores, New 
comer!® describes and figures the haploid 
chromosome complement as consisting of ten 
sub-telocentric chromosomes, one metacentric, 
and the largest chromosome as being isobra 
chial in approximately half the microspores, 
and heterobrachial in the other half. He states 
further that satellites are found on two of the 
sub-terminally constricted chromosomes; on 
the short arm of one and on the long arm of 
the other. Further mention is made of the 
longest. chromosomes carrying no_ satellites. 
These observations are contrary to the ob 
servations made on microspores in the course 
of this study. Satellites were found on the 
longest chromosomes in all cases. No satellite 
was found on the short arm of a sub-termi- 
nally constricted one. It is the “dimorphic” 


in micra arranged in order of decreasing length. 


1.1 
4.5 4.5 


5.6 5.6 


which are the longest of the 


chromosomes 
complement that Newcomer suggests are asso- 
ciated with sex determination in Ginkgo, 


Newcomer’s conclusion, however tentative, 
seems unwarranted. He studied the chromo- 
somes of a single male tree. The observations 
of Lee® and those presented here agree that 
the only difference in male and female trees 
is in the heteromorphic pair of chromosomes 
in the male; this heteromorphism being due, 
not to a difference in the longest chromosomes, 
but to the absence of a satellite on one ot the 
members of a sub-terminally constricted pair. 
In the female there is a satellite on each mem- 
ber of this pair of chromosomes. 

Measurements taken from Newcomer's fig 
ure 2 reveal a difference of 1.1 mm_ between 
the sub-medianly constricted member of the 
longest pair and the medianly constricted one. 
He reports a 2u difference between the mem- 
bers of this pair as he observed them in sep 
arate microspores. If the magnification repre 
sented for his figure 2 is correct (5400), a 
2u difference would be represented as a 10.8 
mm difference at that magnification and would 
he obvious at any reasonably high magnifi 
cation 

Newcomer did not measure any chromo- 
somes of the microspores other than the long 
ones. He found that these chromosomes were 
Yu long in half the microspores and 7m in the 
other half. It seems imperative to relate the 
measurement of the long chromosome of a 
viven cell to the lengths of the other chromo- 
somes of that same cell, A series of such ob 
servations on a large group of microspores 
would give a more reliable estimate as to the 
absolute difference between the long chromo 
somes as they are found in different cells. 
Since no. such relationship of chromosome 
lengths is found in Newcomer's paper, and if 
his measurements were assumed to be correct, 
e.. that the heterobrachial chromosome is 2u 
onger than the isobrachial one, it does not 
necessarily follow that this is a real difference 
in length. 

Since the observations reported here and 
those of Lee® are not in agreement with the 
observations of Newcomer!, it seems prob 
able that the tree he examined was atypical 
He reports no satellites on the longest chromo 
somes, but reports a satellite on the shorter 
arm of a small, sub-terminally constricted one, 
an observation not encountered in the pres 
ent study. To account for this situation, it ts 
suggested that a reciprot al translocation 
curred between the shorter arm of one ot the 
longest chromosomes with a satellite and one 
of the shorter arms of one of the smaller, sub 
terminally constricted chromosomes without 
4 satellite in the normal complement This 
would move the satellite from the short arm 


1 


of the long chromosome to the short arm ol! 
the sub-terminally constricted one, This change 
Such an 


may have then become homozygous 
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occurrence would aceount for the positions ot 
satellites as reported by Newcomer; Le., none 
on the long chromosomes, and a satellite on 
the short arm of a sub-terminally constricted 
one. It is further suggested that an inversion 
or translocation involving the centromere o« 
curred in one of the long chromosomes moy 
ing the centromere trom a sub-median to a 
median position. Since structural change 1s not 
uncommon in plant material, the forementioned 
explanation seems plausible 

It would be interesting to examine the 
chromosomes of the material from which New 
comer’s specimen is derived to see it the situ 
ation which he describes existed there. Since 
the material used in the present study and that 
used by Lee represents 27 female and eight 
male trees which were examined without find 
ing anything even similar to what Newcomer 
has described, it appears unlikely that the sit 
uation he reports is common in Ginkgo biloba 

It is the heteromorphic sub-terminally con 
stricted pair in the male which marks the only 
difference between the male and female com 
plements. An examination ot the chromo 
somes is the only morphological method now 
available for an identification ol the sex of a 
Ginkgo tree before it reaches maturity 

Summary 

The diploid number of chromosomes 1 male 
and female trees of Ginkgo biloba is 24. In 
the ovulate trees tour chromosomes of the so 
matic complement have satellites, while in the 
staminate trees there are only three. In both 
ovulate and staminate trees satellites are found 
on the shorter arms of the longest pair o| 
chromosomes, In ovulate trees a satellite ts 
found on each of the long arms ot two ol the 
shorter, sub-terminally constricted chromo 
somes. In staminate trees a satellite 1s found 
on the long arm of only one of the chrome 
somes of this pair. In all of the microspores 
a satellite is found on the short arm of the 
longest chromosome, In approximately one 
half of the microspores a satellite also occurs 
on the long arm of one of the short, sub 
terminally constricted chromosomes It is in 
ferred that the heteromorphic chromosomes 
are sex chromosomes 
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A NEW GENETIC FLOWER TYPE OF THE 
MUSCADINE GRAPE 


N. H. Loomis C. F. WitirAms* 


EREECT-FLOWERED muscadine grapes 

were first reported in the early 1900's, by 
Reimer and Detjen®, Husmann and Dearing4 
and Dearing?. Reimer and Detjen’s vine was 
named “Hope”’®, Husmann and Dearing’s two 
original vines were designated as H! and H?.! 
and Dearing’s third hermaphrodite as H4,8, 
There is no further reference to H® in the 
literature. 

Inheritance data on the perfect-flowered 
character were presented by Dtejen®, Dear- 
Loomis®, and Loomis et The 
genetic information is meager, but the follow- 
ing facts seem to be established: (1) Pistil- 
lates  hermaphroditest give a 1:1 ratio of 
the parental types; (2) self-pollinating her- 
maphrodites from H! gives a 3:1 ratio of 
hermaphrodites to pistillates, and self-pollinat- 
ing hermaphrodites from H? give approxi- 
mately a 9:4:3 ratio of hermaphrodites, pis- 
tillates, and staminates; (3) crosses of her- 
maphrodites with normal, wild staminates pro- 
duce only pistillate and staminate seedlings 


TABLE I. 


Progeny ‘Total 
Selfed 36-2A 
18-6CT  36-2A 6 
46-2Bt 36-2A 20 
46-15At 


with a considerable excess of staminates. 
These populations were small. 

Old unpublished records at Raleigh, N. C., 
by Reimer and Detjen, give some data on 
selfed hermaphrodites of the Hope vine, The 
records are not complete enough to indicate 
the inheritance of flower type, but all popula- 
tions contained staminate plants; so the Hope 
vine must be similar genetically to H?. The 
Hope vine apparently originated as a muta- 
tion of a staminate type plant®. There is 
nothing in the literature to indicate the flower 
type which mutated to give the hermaphrodites 
H!, H, and H3. 

This paper reports the discovery of a per- 
fect-flowered vine, No, 36-2A, which appears 
to be homozygous for the perfect-flowered 
character. Progeny records from some com- 
plete populations are available (Table I). All 
the selections listed in Table I are indirectly 
fram the H? hermaphrodite. 


(Continued on page 304) 


Segregation of progenies of muscadine selection 36-2A* 


Plants (number) 
Pistillate Staminate 


Hermaphrodite 


a 
0 
0 
0 


*Hermaphrodite seedling originated by selfing the hermaphroditic variety, Dearing. 
TPistillate seedling originated by selfing the hermaphroditic selection B-6 19. 
{Staminate seedling originated by selfing the hermaphroditic selection B-6 19, a sibling of Topsail. 


*Crops Research Division, ARS, U.S. Department of Agriculture, Meridian, Mississippi, 
and North Carolina Agricultural Experiment Station, Raleigh, North Carolina, respectively. 
*The terms hermaphrodite and perfect-flowered are used interchangeably. 
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HE crossing of corn with related 

grasses has intrigued botanists for 

a number of years and for several 
reasons. There is, first of all, the possi- 
bility of introducing into the corn plant 
genetic material which might be of prac- 
tical value in the improvement of maize. 
Secondly, it is supposed that the degree 
of ease in accomplishing the cross would 
indicate the closeness of the relationship 
hetween corn and its nearest relatives 
and hence relate to the problem of the 
origin of corn. Lastly, it is of theoretical 
interest that species of separate genera 
can be crossed, and perhaps this should 
lead to a reconsideration of the taxo- 
nomic position of Zea, Tripsacum and 

Slightly more than a quarter century 
ago, Mangelsdorf and Reeves! reported 
the hybridization of corn and tripsacum 
using corn as the maternal parent. The 
cross was not an easy one to achieve. 
It necessitated a shortening of the corn 
silks to a length nearly that of tripsacum 
styles and the pollination of a large num- 
her of silks. Many of the seeds aborted, 
but it was estimated that 4.54 seeds ma 
tured per 10,000 silks pollinated. Arti- 
ficial culture techniques were utilized in 
verminating many of the hybrid seeds, 
This intergeneric cross was successful, 
however, only when corn was used as 
the maternal parent. Numerous crosses 
with tripsacum as the female parent 
were attempted, but only shriveled cary- 
opses were obtained, and it was not de- 
termined whether these were a_ result 
of nucellar stimulation or were caused 
by the initiation of hybrid embrvos or 
endosperm* 5, 

Since the author had growing at In- 
diana University a large number of 
plants of Tripsacum dactyloides from 
widely scattered localities and also had 


HYBRIDIZATION OF TRIPSACUM AND ZEA 


I. FARQUHARSON* 


available, through the courtesy of Dr. 
Paul Weatherwax, a wide range of types 
of corn, the attempt was made to effect 
the cross using tripsacum as the ma- 
ternal parent. The results include one 
hybrid now in bloom, several putative 
hybrids and numerous seeds, thus indi- 
cating that the cross in this direction is 
by no means an impossible one. 


Materials and Methods 


The plants of diploid tripsacum 
(2n 36) used in these crosses were 
collected from three localities in Kansas 
and three in Missouri. The polyploid 
tripsacum was obtained in southern In- 
diana. Most of this was triploid (2n = 
54) or tetraploid (2n = 72). The corn 
utilized for pollen included varieties 
from Huancayo, Puno and Urubamba, 
Peru; some Mandan Indian types from 
the Dakotas; Hopi, Navajo and Zuni 
varieties from the southwest; a Tusca- 
rora variety from western New York ; 
tetraploid corn obtained from Dr. L. F. 
Randolph; and Golden Bantam sweet 
corn, 

The styles were pollinated when fully 
mature and at nearly their maximum 
length. Frequently, the pollination was 
delayed until all the tripsacum pollen 
had been shed for the day thus reducing 
the chances of stray tripsacum pollen 
grains reaching the styles while the bag 
was open, 

Because of possible difficulty in bring 
ing some of the hybrid embryos to ma 
turity, embryo culture techniques were 
used to a certain extent. The. culture 
medium used was basically that devised 
by Randolph and Cox®, Some seeds ma 
tured and germinated, 
however, without artificial culture. 

In order to obtain 
counts, root tips and anthers were fixed 


subsequently 


chromosome 


*Franklin College, Franklin, Indiana. The author wishes to express her appreciation to 


Indiana University for making research facilities available for this study 
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DIPLOID AND TRIPLOID TRIPSACUM-CORN HYBRIDS 


Figure 14 
A-C--Diploid tripsacum sweet corn hybrid. .f-—-Chromosomes from cell of embryo, 
Qn 28; B--Chromosomes from cell of endosperm, 3n = 46; C—Longitudinal section of 
caryopsis six days after pollination, )-G—Triploid tripsacum & Puno corn hybrid. /)—Chromo- 
somes from root tip cell, = ca.o4; /:—Diakinesis microsporocyte; /-—Mature plant; 
G-Lateral inflorescence surrounded by leaf sheath 
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in 3:1 absolute alcohol-acetic acid and 
were smeared in iron aceto-carmine. 


Results 


Pollen from all the varieties of corn used 
was effective in at least initiating enlargement 
of the ovary in both diploid and polyploid 
tripsacum. Nucellar stimulation alone resulted 
in some grains attaining a lengtlh of 3 mm in 
13 days compared with 4.5 mm for a normal 
tripsacum seed of the same age. These en- 
larged ovaries had a translucent, watery ap 
pearance, 

Crosses with Diploid Tripsacum, [1 the 
crosses attempted between the diploid races 
of tripsacum and corn, approximately 24 per- 
cent of the ovaries showed significant enlarge- 
ment. Crosses utilizing pollen from commer 
cial sweet corn, one Navajo, one Mandan and 
all three Peruvian varieties resulted in the 
establishment of embryos and endosperm. 
Chromosome counts of 28 in cells of the em- 
bryo and 46 in endosperm cells confirmed the 
assumption of hybridity (Figures 141 and B). 
The endosperm was frequently lobed and did 
not fill the caryopsis (Figure 140°). Sometimes 
the embryo was lacking. The caryopsis at 
maturity was often almost as long as that of 
a normal tripsacum seed, although when it 
dried some wrinkling and shrinkage frequent- 
ly occurred, Of the 25 seeds obtained from 
these crosses with diploid tripsacum, 22 were 
the result of pollinating tripsacum with Peru- 
vian corn. The Puno type, from the shores 
of Lake Titicaca, seemed to be especially ef- 
fective. Only three of these seeds germina- 
ted, and the plants produced have not yet 
bloomed. 

Crosses with Polyploid Tripsacum. 
polyploid races of 7. dactyloides present a more 
complex situation because of the high degree 
of facultative apomixis which exists in them. 
Embryos are readily initiated without the oc 
currence of fertilization or even pollination, 
but pollination is necessary for endosperm de- 
velopment. 4, There is considerable variation 
in chromosome number in these plants. So 
matic chromosome numbers of 36, 45, 54, 72, 
90 and 108 have been found, although 72 
chromosome plants are the most) commonly 
encountered!, 

When the polyploid tripsacum pollin 
ated with corn, two to seven ovaries out of 
an inflorescence averaging 14 spikelets showed 
significant enlargement, but only one in 20 
of the pollinated spikelets developed a good 
seed. Corn pollen grains germinated readily 
and although many of the tubes burst in the 
styles (Figure 1528) many did not (Figure 
15C) and a few were seen to have reached the 
micropylar region. Pollen tubes reached the 
hase of the style within four hours after pol- 
lination. If the styles were removed four 
hours after pollination, however, embryos and 


endosperm were not initiated. Removing the 
styles six hours after applying corn pollen 
did not interfere with the development of em- 
bryos and endosperm, This timing is about 
the same as when tripsacum pollen is utilized®. 
Endosperm and embryos were initiated when 
the pollen parent was any one of the three 
Peruvian varieties, or Hopi, Zuii, Tuscarora 
or sweet corn, Thirty-eight seeds were ob- 
tained and although some of the embryos were 
undoubtedly apomictic, the endosperm would 
not have developed without the stimulation of 
the corn pollen. The large number of chromo 
somes present in the endosperm made it im- 
possible to obtain an accurate chromosome 
count from sectioned material. 

At least one seedling was secured from each 
category of crosses when polyploid tripsacum 
was pollinated with Puno, Urubamba, Hopi, 
Zuni and sweet corn. Those seedlings which 
had Urubamba and Hopi corn as pollen par- 
ents were abnormal and did not survive more 
than a few weeks. One appeared to have root 
and shoot orientation reversed, and the other 
had a curled coleoptile. It is likely that these 
were hybrids. Several others which germina 
ted were discarded as being apomictic tripsa 
cum plants. Of the two seedlings which were 
kept, Zuni corn was the pollen parent of one 
and the Puno, Peru race the male parent of 
the other. Studies of meiosis indicated that 
the tripsacum parent of these two plants is a 
triploid. The triploid tripsacum Puno corn 
plant bloomed this year and gave evidence of 
being a true hybrid (Figures 14/°,G and 15.1). 

The hybrid plant resembles the maternal 
parent tripsacum far more than it resembles 
its corn parent This is to be expected since 
tripsacum contributed the larger number of 
chromosomes, and it is similar to the findings 
of Mangelsdorf and Reeves? with the corn » 
tripsacum plants. One outstanding feature dis 
tinguishing the hybrid is the length of the 
style (5.5 em. as canpared with 2.5 cm. for 
tripsacum, measured from the point of emer 
gence between th outer glume and rachis) 
There is a tendency for the two branches of the 
style to be fused a greater distance than in 
tripsacum (as much as 4 em. in the hybrid 
vs. 1-2 mm, in tripsacum) thus showing corn 
influence, but the branches separate very read 
ily. There is slight compression of the 
rachis which tends to set the spikelets out a 
bit more prominently than is the case with 
most tripsacum plants. The lateral inflores 
cences tend to remain enclosed by the leaf 
sheaths even after the styles begin to emerge, 
and in this way give the appearance of small 
ears (Figure 14G). It is not unusual for the 
inflorescences to lack staminate spikelets 
While this may be a result of corn influence 
there is also the possibility that it is due to 
greenhouse conditions during the winter 
months. The leaves of the hybrid are con- 
spicuously marked by reddish-brown patches 


pee 
{ | 
| 
if 
p= 


TRIPSACUM-CORN HYBRIDS 


Figure 15 


A—Terminal infloresences. Left, tripsacum; right, tripsacum Puno corn” hybrid. 
B—Puno corn pollen tubes bursting in styles of triploid tripsacum; C—Puno corn pollen tubes 
growing normally in styles of triploid tripsacum, three hours after pollination. 
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which appear rust-like at first glance. It was 
this latter characteristic that made this plant 
stand out among the pure tripsacum plants 
when it was young and may have been all that 
saved it from being discarded as an apomict. 
The mottling is present in the tripsacum par- 
ent, but far less obviously, and it has not been 
fully investigated 

Cells of the root tips of the tripsacum 
Puno corn hybrid showed chromosome counts 
63 or 64 chromosomes having 
been counted several (Figure 14)). 
At first this would seem unlikely since the 
tripsacum plant is a triploid with a somatic 
chromosome number of 54. It is not unusual, 
however, for polyploid tripsacum plants to 
produce gametes possessing the unreduced 
number of chromosomes. Therefore, it is as- 
sumed that the egg cell in this case carried 
approximately 54 chromosomes and this, whens 
fused with the corn sperm with 10° chromo- 
somes, produced the approximate 64-chromo- 
some hybrid. 

Meiosis has also 


in the low 60's 
cells 


been studied and it adds 
evidence in support of the chromosome num 
ber being close to 64 (Figure 14/). Univa- 
lents are common and it is relatively easy to 
distinguish 10 that are longer than those of 
tripsacum and presumably are corn chromo- 
somes. In addition, there is a somewhat vari- 
able number of shorter univalents (frequently 
eight) and an occasional multivalent, and the 
rest (21-22) are bivalents. The pollen pro- 
duced is inviable, and so far, no viable seeds 
have been set when the plant has been ex 
posed to pollen of 7. dac tyloides and 7. florid- 
anum, Recently, however, two spikelets set 
seed following the application of sweet corn 
pollen to two inflorescences of the hybrid. The 
seeds are somewhat shriveled and it is doubt 
ful that they will germinate. 


Discussion 


Perhaps the chief significance of this work 
lies in the fact that it has shown that 
the cross between tripsacum and corn is not 
a difficult one to make, and requires no special 
technique. In fact, it seems highly probable 
that this cross has occurred occasionally in 
nature. The hybrid plants might go long un 
noticed because of the resemblance to 
tripsacum. Some of the sterility and meiotic 
irregularities which are frequently encoun- 
tered in tripsacum may be the result of ad- 
mixture with corn. Since the hybrid is strong 
ly perennial, tripsacum % corn plants could 
persist indefinitely despite sterility. 

If it can be shown conclusively that certain 
of the Indian varieties of corn more 
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readily than others with tripsacum, one more 
line of evidence of relationship between the 
two genera would be apparent It does seem 
likely that the reason previous workers did 
not succeed making this despite 
repeated efforts, was that they were utilizing 
commercial varieties of corn which are farther 
removed from the ancestral type. brom_ the 
crosses made in this study, it would appear 
that the Puno corn, which grows along. the 
shore of Lake Titicaca at an elevation of ap 
proximately 13,000 feet, is especially promis 
ing. Before any conclusions are drawn’ from 
this pertaining to the center of origin of corn, 
however, an attempt should be made to deter 
mine the ease of crossing tripsacum with corn 
from the region of southern Mexico and 
Guatemala, an area thought to be one likely 
center of early culture of primitive corn’, 


cross, 


Summary 


Tripsacum and corn have been successfully 
crossed, using tripsacum as the maternal par 
ent. No special techniques are necessary, al 
though embryo culture undoubtedly results in 
a higher percentage of embryos brought. to 
maturity. A number of varieties of corn were 
utilized. Those grown by primitive races of 
Indians in Peru and in the southwestern U.S 
were most successful. A living hybrid (trip 
loid tripsacum & corn from Puno, Peru) is 
described. It is suggested that this cross be 
tween tripsacum and corn may occur oceasion 
ally in nature. 
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LINKAGE STUDIES IN A NEW BLACK-EYED 
WHITE MUTATION 


In the House Mouse (Not W) 


Puitie C, KREITNER* 


HEE mutation involved in the ex- 

periment described below (discoy- 

ered by Dr. L. C. Strong) is a 
black-eyed white mouse which arose as 
a spontaneous mutation in a mouse of 
the C3H inbred strain®*. The mutant 
strain was given the designation C3HB. 
The B represents the second spontaneous 
mutation which had occurred in mice of 
the C3H_ strain during a period of 35 
years, The mice in this new mutant 
strain appeared to be perfectly normal 
with respect to viability, reproduction 
and size, contrary to the findings of oth- 
er researchers who have experimented 
with various types of “black-eyed 
whites” or “all-whites.” The C3HB 
mutation was the first “all-white” type 
of mutation in the C3H strain. Most 
previous work with “black-eyed white” 
occurrences was done in association with 
piebald (s) or yellow A”. 

In the spring of 1955, this author be- 
yan an experiment to determine the lo- 
cation on a chromosome of the mutant 
gene by the use of outerosses. 

The purpose of this paper is to sum- 
marize and to analyze the results of these 
outcrosses and several other crosses in- 
volving the mutant strain; also, to com- 
pare the C3HB “black-eyed white” mu- 
tant with the black-eyed whites or phe- 
notypes deseribed by earlier researchers 
such as Little’? and Dunn!. 

Gruneberg® concerns himself mainly 
with a deseription of the m(IH") com- 
plex, the (s) piebald gene, the “k” 
venes, and their role in creating: geno- 
types, of which the genotype causing the 
“black-eyed white” condition is but one. 
In a later section of Gruneberg, “black- 


*Griffith Institute, Springville, New York. 


eyed white” is also mentioned in connec- 
tion with “macrocytic anemia.” How- 
ever, we shall concern ourselves just 
with the description of the modifying 
genes, since it also contains a sufficient 
explanation of the role that anemia plays 
in “dominant spottings.” Gruneberg 
states, “The dominance of gene WW’ de- 
pends on the presence of a specific set 
of modifiers, which, by themselves, have 
little or no effect on spotting. In the 
presence of all these modifying genes, 1” 
behaves as a complete dominant; if ac- 
companied by only some of them, as a 
semi-dominant, and in their absence as 
a recessive’, 

Gene W produces lethal anemies in 
the homozygous condition whether the 
modifiers are present or not; in the 
heterozygous condition the presence of 
the modifiers increases the amount of 
white spotting of the offspring. If the 
modifiers are all present, the animals are 
black-eyed whites. The degree of spot- 
ting or variegation in the H’/+ hetero- 
zygotes is dependent on the number of 
genes of the m(I") complex modifying 
factors which are present. 

The gene (s) piebald spotting is an- 
other gene which affects the degree of 
spotting caused by gene WH’. Gene s in 
the heterozygous condition, (H7/* :/*s) 
produces slightly more white on mice, 
than when the allele of s/s, W/+; +/+, 
is present. Furthermore when s is homo- 
zygous; (H'/*;s/s), it produces the 
usually all-white, “black-eyed whites.” 

Black-eyed whites of the constitution 
when mated inter se, pro- 
duce lethal anemies, “black-eyed whites” 
and piebalds, in the ratio of 1:2:1. Le- 
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thal anemics which survive long enough 
to show hair color are black-eyed whites. 
Black-eyed whites of this strain are 
sometimes pigmented about the ears or 
on the haunches. 

Little #° agreed with Dunn':* in the 
observation that “black-eyed white,” po- 
tentially yellow, has considerably more 
dorsal pigmentation than does “black- 
eyed white,” potentially —non-yellow 
(black). According to Little this is 
due either to a modifying factor linked 
with vellow, or to an interaction between 
the “of a purely so- 
matic nature,” 

earlier, Little had obtamed two pairs 
of “black-eyed white” mice from Castle, 
he also mated 


and Hl” factors, 


which he mated iter se; 
piebald inter se. Considering any animal 
with 5 percent or less of dorsal pigmen- 
tation, as a black-eyed white, the first 
cross produced 44 black-eyed whites and 
31 varied piebalds, the second cross pro 
duced nearly equal numbers of black- 
eyed white and piebald, the third cross 
produced only piebalds. By comparing 
these results with results expected by 
ordinary Mendelian segregation, [ttle 
concluded that the black-eyed white con- 
dition was not viable in the homozygous 
condition. 

In another experiment with the black- 
eyed white condition, Little crossed a 
“blaze” race, resembling a “self” 
with the piebald strain and with black 
eyed whites. From the results of these 
crosses, in which black-eyed white ani- 


race, 


mals appeared where they would not 
have occurred in the event of independ- 
Little concluded that 


“black-eyed white spotting in mice ap- 


ent assortment, 


pears to be due to a factor independent 
of, and supplementary to, the factor for 
plebald spotting.” He also speculated on 
the possibility of the spotting condition 
in mice being dependent upon “more 
than one pair of clear-cut Mendelizing 
factors, and contributing to variation in 
spotted races’”® 

Dunn!'? in his experiment with pie 
bald types of the “Dutch-marked” va 
riety, selected animals with a maximum 


of white spotting, and bred them selec- 
tively, continuously inbreeding the ott 
spring with the highest percentage of 
white. After three generations of selec- 
tive breeding, “all-white” animals began 
to appear. After five generations, the 
mice with no black spotting whatever, 
the “all-whites,” were mated to start an 
inbred stock. This inbreeding produced 
about 99 percent “all-whites” through 23 
generations, all the while retaining com 
plete dark eve pigmentation 

By further experimentation, Dunn 
came to. the that the 
white” piebalds contained not only the 
spotting gene (S), but at three 
other spotting genes working independ 


conclusion 
least 


ently of s, since they produced spotting 
when s was absent!, 
Dunn later crossed 
(.l¥ss), with black 
which resulted in equal numbers of black 
However, plan 


piebalds 


plebalds (aass ) 
and vellow 
metric measurements showed a. signifi 


piebalds 


cantly lesser degree of white spotting im 
than in the Krom 
this observation, he drew the conclusion 
that there may be an interaction between 
the gene and the modifiers of 
variegated spotting®. 
The C3HB Mutant 

The original black-eyed white mutant 
appeared in a mouse of the 89th inbred 
C3H strain. This 
mouse was a male born ina litter with 
The mutant’s dam 


the vellows blacks 


generation of the 
two normal sisters 
had previously had three normal litters 
Qut of the 20 young she produced, 19 
were normal black-eyed as expected. 
The original mutant was born on June 
6, 1954 
the resulting black-eyed stock obtained 
from this mating was inbred for several 
generations, with no aberrations. The 
black-eyed white mutant bred true as a 
The mouse obtained 


He was mated to his sister and 


normal 
inthe original mutation, and all of the 
inbred C3HB stock have been pure 
white animals with no trace of pigment 


recessive, 


ed hair but having intense black eyes 
As previously stated, the black-eyed 


whites of the strain C3HB have been 
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normal in all respects including viability, 
size, prolificity and litter size. Hight 
adult C3HB’s—five males and three fe- 
males—were weighed and measured and 
found to have an average weight of 37 
yrams, an average body length of 37% 
inches and an average tail length of 35¢ 
inches. A factor which should he con- 
sidered with relation to the average 
weight, is that all the females were preg- 
nant at the time of weighing. 


Materials and Methods 


Besides the original C3H_ stock and 
its mutant strain C3HB, there were 
three other inbred strains concerned 
with the present experiment of possible 
linkage relations. The Strong A. strain 
(albino), (ppaabbecddss )*, the 2 prunt 
strain (ppaabbceddss )®, and the strain 
( ppaabbecddss )®, all were used for out- 
CTOSSES, 

All of the mice used in the experiment 
were taken from strains housed at the 
Springville station. They were kept in 
wooden boxes, with sawdust bedding 
and cotton nesting material, in a build- 
ing with a temperature range of 70- 
80° K. They were fed Nurishmix pellets 
and water ad libitum; also, mixed grain, 
to which cod-liver oil had been added, 
and milk-soaked bread were fed peri- 
odically. 

The mutant strain C3H1B was crossed 
with the Strong A strain in the first 
outeross, with the 2 prunt strain in the 
second outeross and with the T strain 
for the third outeross. The genes under 
observation for classification purposes 
were in the first outcross, (non- 
agouti), b (brown), ¢ (albino), (mu- 
tant); in the second outcross, a, b, C, 
M, p (pink eye); and in the third out- 
cross, a, b, p, s (piebald spotting), d 
(dilution), 

A fourth cross made in conjunction 


TABLE I 
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with the three principal outerosses was 
that of the C3HB & 2 prunt extracted 
pink-eyed whites. Mice of special color 
combinations were mated to mice of the 
Strong A strain in order to ascertain 
that a pink-eye mutant could not be sep- 
arated phenotypically from an albino. 

Occurrence of linkage in each outcross 
was tested by comparing the ratio of the 
totals in each classification of offspring 
to the ratio expected in the case of sim- 
ple Mendelian segregation. The close- 
ness of fit of the observed ratio to the 
expected ratio was determined by use 
of the chi-square test. 


Results 


A total of 355 mice was obtained in the first 
outcross, (C3HB & A). The resultant ratio 
in the phenotypic classes, in the Fs, closely 
conformed with the ratio expected as a result 
of independent assortment between a, >, c, and 
m. The excellent chi-square fit of 0.86 (above 
05 being statistically insignificant) practically 
excluded the possibility of linkage of the mu- 
tant gene to any other of the genes under con- 
sideration in the outeross. 

A total of 346 mice was obtained in the sec- 
ond outeross (C3HB 2 prunt). Although 
there was greater deviation from the expected 
ratio in the second outcross than in the first, 
it being mostly due to a deficiency in the pink- 
eyed colored class, the chi-square still showed 
a Statistically insignificant deviation from an 
expected ratio due to free assortment, with a 
value of 0.139, Here, the genes involved were 
a, b, p, and m, 

Other significant occurrences were the ap 
pearance, in the presence of pp and mm, of a 
“pink-eyed” condition, indistinguishable from 
the Strong A strain albino; and a “ruby-eyed” 
condition which appeared to be intermediate in 
shade between “pink-eye” and “black-eye.” 
The ratio of “black-eyed whites” to “ruby- 
eyed whites” to “pink-eyed whites” was 57: 
20:24, closely approximating the ratio of 

In the “black-eyed white” or “black-eye” 
“ruby-eye” classification, out of a total of 57 
“black-eyed” mice there appeared five mice, 
each with a very small black spot, varying in 
size from a few hairs to about 2 cm. in diame- 
ter, on the dorsum. The grayish tone of the 
spots was produced by variegation, and not 


Results of the first outcross 


Br.N.Ag. 


BLAg. BI.N.Ag. Br.Ag. P.-Eye-White Bl.-Eye-White 


Obs. 114 42 31 12 64 92 
Exp. 112.59 37.53 37.53 12.51 66.72 88.96 
Total Observed 355 x? = 86 


by incomplete pigmentation of the individual 
hairs. 

All of the offspring obtained in the third 
outcross, (C3HB * I) were black agouti, 
despite the five recessive genes from the I 
stock. This indicates the probable presence of 
the five homozygous dominant alleles in_ the 
C3HB strain; the new black-eyed white mu 
tant could not be allelic with any of the I 
strain genes, (a, b, p, s) (piebald spotting) 
and d (dilute). 

Likewise, the progeny of the C3HB * 2 
prunt extracted pink-eyed-white to Strong A 
cross were all black agouti 

In every outcross so far, the original C3H 
strain mice have possessed only dominant 
genes 1, B, and C; all the mice of the F; 
generations were wild type or black agouti, 
thus indicating that the new mutation is com 
pletely recessive in inheritance 


Discussion 

Considering only the genes under observa 
tion in the first outeross, the previously estab- 
lished constitution of the Strong A. strain is 
(aa, bh, ce, pp, MM). The ratio of pheno- 
types in the offspring indicated that free as- 
sortment had occurred between the Strong A 
genes and their alleles which have been proven 
to comprise the C3HB. strain constitution ; 
(AA, BB, CC, mm). 

One F, black-eyed white mouse was found 
to have a small, black, dorsal spot. However, 
as it was the only instance of black spotting 
in 92 black-eyed whites, it may be considered 
as the result of non-genetic factors. The orig 
inal mutation in the C3H_ strain occasionally 
shows a small amount of pigmented hairs on 
the dorsum 

In the second outecross, if the spotting was 
due to genetic factors, this fact must be taken 
into consideration; the spotting appeared only 
in the “unpigmented” class which contained 
the homozygous allele for pink-eye (PP, main). 
This fact supports the possible conclusion that 
gene p may interact or at least affect the com 
plete dominance of the mutant gene; that is, 
p could be considered a modifying factor to 
the new mutation. 

Sy considering both the conclusion that 
genes m and p interact and the fact that black 
spotting has arisen only in “black-eyed white” 
mice, the following constitutions are theorized: 

“black-eye”’—PPmm 
“ruby-eye’—Ppmm 
(which cannot be 
TABLE IT. 


“nink-eye’—ppmm 


BI.N.Ag.  Br.Ag. 


Obs. 
Exp. 
Total 


109.1 


Observed 346 
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Results of the second outcross 


distinguished phenotypically from a common 
albino of the constitution (ppec) or (PPecc). 

The production of all black agouti progeny 
‘in the third outcross, points to the obvious con- 
clusion that the C3HB strain contains all the 
homozygous dominant alleles of the five re 
cessive genes: a, b, p, d (dilution), and s (pie- 
bald spotting). 

This conclusion is further supported by the 
results of the C3HB extracted pink-eyed white 
to Strong A cross: 100 percent black agouti 
offspring. The Strong A strain has, in a pre 
vious experiment at Springville, been proven 
to be homozygous for b (brown), a (non- 
agouti), and ¢ (albino); conseqtently, their 
dominant alleles B (black), 4A (agouti), ¢ 
(color), which appeared exclusively in the 
progeny of the cross, must have been derived 
from the C3HB 2 prunt, F,’s, who, in their 


turn, had derived them from the C3HB 
parents 
Summary 
A new recessive mutation in the house 


mouse eliminates practically all the pigment 
in the pelage. The color of the eyes, however, 
is not affected. Occasionally a few pigmented 
hairs may be present on the dorsum of the 
mouse, The new mutation in the presence of 
pp produced a non-pigmented mouse which 
could not be distinguished phenotypically from 
an albino of the constitution ppec or PP 
An outcross to mice of the I stock (aabbpp 
ssdd) gave only wild type in the I; thus indi 
cating that the new black-eyed white mutant 
is not allellic to any of these well known genes 
Other crosses gave evidence of free assortment 
when genes a, b, c, and p were tested 

The new black-eyed white mutant is an ex 
treme example of loss of pigmentation in the 
pelage thus similating the effect of W/W in 
the presence of its modifiers. The new mu 
tant, however, is fully viable, recessive in in- 
heritance and is not identical with W or Wy 
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A New Genetic Flower Type of 
the Muscadine Grape 


(Continued from page 294) 


The one staminate vine is hard to explain. 
However, im all involving staminate 
plants, the staminate factor has shown com- 
plete dominance over the hermaphroditic fac- 
tor. Records are available on three different 

involving hermaphrodites 
hermaphrodites normal 
(wild-type) staminates; (2) the backcross 
hermaphrodites > staminates (from the cross 
hermaphrodite  staminate); and (3) pistil- 
late (wild type) » staminate (from the cross 
hermaphrodite % staminate). There were no 
hermaphrodites among the 131) plants from 
12 crosses which blossomed, but there are five 
plants yet to flower. In all three types of 
there was an excess of staminate 
plants, ranging from three to six times the 
number of pistillate plants. No hermaphrodites 
were recovered in another type of cross: pis 
tillate staminate, both of which originated 
by self-pollinating hermaphrodites (from 
‘Twenty-three of the 24 plants have flowered. 

Although hermaphrodites (from H*) were 
involved either directly or indirectly in four 
types of crosses, no hermaphroditic progeny 
resulted from pollen of staminate plants. This 
might indicate that the H? hermaphrodite also 
arose as a mutation of a staminate plant. 
factors apparently control 
the flower type in muscadine grapes. Patel 
and Olmo? reported that) the chromosome 
numbers of nearly all Vitaceae are either mul 
tiples of six and seven or combinations of 
them. They identified genomes of 13° and 
seven in latis rotundifolia, which would sug 
gest that it is a hexaploid species. Multiple 
factors as in hexaploids give complicated in- 
heritance ratios 

It has been obvious for many years that it 
should be to originate muscadines 
essentially homozygous for perfect flowers. 
However, 36-2A is the first known vine of 
that type. Larger progenies of 36-2A > may 


cCTOsses 


types of crosses 
from HH? (1) 


CTOSSES, 


Several genety 


possible 


produce a few vines which are not hermaphro- 

The use of parent 
nearly homozygous for the perfect-tlowered 
character would increase the percentage of 
perfect-flowered seedlings in crosses with pis- 
tillate or other perfect-flowered varieties. In 
crosses involving pistlliate vines, entire popu- 
lations would be perfect-flowered instead of 
the 50 percent obtained when a non-homozy- 
gous perfect-flowered parent is used. The 
elimination of the pistillate type would result 
in a tremendous saving of time, labor, and 
space for it takes two or three years after 
the vines are planted in the vineyard before 
they produce flowers. 
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A New Genetic Flower Type of 
the Muscadine Grape 
(Continued from page 294) 


The one staminate vine is hard to explain. 
However, in all crosses involving staminate 
plants, the staminate factor has shown com- 
plete dominance over the hermaphroditic -fac- 
tor. Records are available on three different 

involving hermaphrodites 
hermaphrodites normal 
(wild-type) staminates; (2) the backcross 
hermaphrodites staminates (from the cross 
hermaphrodite staminate); and (3) pistil- 
late (wild type) staminate (from the cross 
hermaphrodite ~~ staminate). There were no 
hermaphrodites among the 131) plants from 
12 crosses which blossomed, but there are five 
flower. In all three types of 
crosses, there was an excess of staminate 
plants, ranging from three to six times the 
number of pistillate plants. No hermaphrodites 
were recovered in another type of cross: pis 
tillate staminate, both of which originated 
by self-pollinating hermaphrodites (from H*) 
Twenty-three of the 24 plants have flowered 

Although hermaphrodites (from H*) were 
involved either directly or indirectly in four 
types of crosses, no hermaphroditic progeny 
resulted from pollen of staminate plants. This 
might indicate that the H? hermaphrodite also 
arose as a mutation of a staminate plant. 

Several factors apparently control 
the flower type in muscadine grapes. Patel 
and Olmo? reported that) the chromosome 
numbers of nearly all Vitaceae are either mul 
tiples of six and seven or combinations of 
them. They identified genomes of 13° and 
seven in Litts rotundifolia, which would sug 
gest that it is a hexaploid species. Multiple 
factors as in hexaploids give complicated in- 
heritance ratios 

It has been obvious for many years that it 
should be possible to originate muscadines 
essentially homozygous for perfect flowers 
However, 36-2A is the first known vine of 
that type. Larger progenies of 36-2A may 


types of crosses 


from H*: (1) 


plants yet to 


genetic 


produce a few vines which are not hermaphro- 
ditic. 

The use of 
nearly homozygous 
character would increase the 
perfect-flowered seedlings in crosses with pis- 
tillate or other perfect-flowered varieties. In 
crosses involving pistlliate vines, entire popu- 
lations would be perfect-flowered instead of 
the 50 percent obtained when a non-homozy- 
gous perfect-flowered parent is used. The 
elimination of the pistillate type would result 
in a tremendous saving of time, labor, and 
space for it takes two or three years after 
the vines are planted in the vineyard before 
they produce flowers. 
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